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1. — Amphibolites and Associated Pre-Cambrian Rocks of part of the 
Phillips River Goldfield, Western Australia* 


By R. Woodall t 

( Department Of Geology, University of Western Australia) 


Manuscript accepted — 15th February, 1954 


The Cocanarup area in the Phillips River Gold- 
field is composed of a sequence of meta-volcanic 
rocks which form a belt 1 to li miles broad, trend- 
ing NE. to 5W., flanked on the north-west by a 
narrow band of schists which pass, through mig- 
matites, into granodlorltlc gneiss. To the south- 
east, a magmatic granodlorite intrudes the meta- 
volcanics. The meta -volcanic rocks are predomin- 
antly fine-grained amphibolitic lavas and agglomer- 
ates although some non -amphibolitic volcanlcs do 
occur and a coarse amphibolitic hypabyssal phase 
of the lavas does form small intercalations. The 
term “Phillips River Meta-volcanlcs“ has been sug- 
gested for these lavas, agglomerates and genetic- 
ally related hypabyssals. 

Within the schists, zones of crushed and lam- 
inated rocks indicate localized attenuation and 
shear. The gneiss is a product of granltlzatlon of a 
folded meta-sedlmentary sequence, the folding of 
these rocks, the schists and the Phillips River 
Meta-volcanics being about fold axes which plunge 
In the direction 110* to 130°. The granodlorite 
and meta-volcanics are intruded by a suite of basic 
dykes which are now amphibolitic. Occasional 
dacitic dykes also cut these rocks as well as the 
amphibolitic dykes. Flat-lying pegmatite sheets 
have a prominent development within the belt of 
meta-volcanics. All the rocks of the area, with 
the exception of recent superfleial sediments, are 
cut by ENE.-trendlng quartz dolerite dykes which 
have dloritic or gabbroidal cores. 

The gneiss and Its marginal migmatites and 
schists are probably a petrologlcally distinct pro- 
vince from the Phillips River Meta-volcanics and 
granodlorite. their present adjacent position being 
due to later faulting. 


Introduction 

The rocks described in this paper are from 
an area centred about Cocanarup homestead, 
which is situated at the crossing of the Phillips 
River and the Ongerup-Ravensthorpe road, nine 
miles south-west of Ravensthorpe townsite in 
the Phillips River Goldfield. The purpose of 


* Part of the cost of this publication has been met 
from a Research Grant of the University of Western 
Australia. 

t Present address: Western Mining Corporation, 
Kalgoorlie. 


the investigation was to study the field relations 
and petrology of the rocks, especially in the belt 
of amphibolites. In part this detailed study was 
undertaken in an effort to elucidate the geo- 
logical map of the Ravensthorpe-Kundip area 
which lies to the east CWoodw'ard et at, 1909), 
and by examining and correlating the rock types 
with the aid of thin section microscope studies 
to assist future geological mapping in the area. 

Unfortunately the area chosen presented 
many fundamental difficulties, foremost of which 
was the lack of a reliable topographical survey 
map. Moreover, air photographs were not avail- 
able. The only geological information concern- 
ing the surrounding country w'as that contained 
in the early Geological Survey reports of 1900- 
1914. They related to the gold and copper min- 
eralized areas of Ravensthorpe and Kundip. Of 
these reports only Bulletin 35 (Woodw^ard et al., 
1909) contains any significant geological in- 
formation, but it was found that the petrology 
in this Bulletin was of little use and structural 
information was almost entirely lacking. 

The relation of the greenstones of the Phillips 
River Goldfield to the similar mineralized 
greenstone areas of the Yilgai-n (Southern 
Cross) and Kalgoorlie— Norseman Goldfields is 
shown in Fig. 1. It is unlikely that there is any 
close connection in time between these three oc- 
currences of similar rocks, but nevertheless it 
will be of interest to be able to compare the 
features of development with those of the better 
known mining districts. 

The mapping was carried out mainly single- 
handed by a pace and compass survey based on 
a broad chain and compass net. For example, 
the road, the Phillips River south of the road, 
and the upper reaches of the Twertatup Creek 
were plotted by chain and compass, while the 
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topographic and geologic features on either side 
were plotted by pace and compass traversing. 
The greater part of the geological information 
was obtained from observations in the stream 
channels, as soil obscured most of the country 
between the streams. 




In the valley of the Phillips River where it 
cuts the type section of the Phillips River Meta- 
volcanics, the problem of mapping at least four 
ages of dark basic rocks, often complexly inter- 
related. is further hampered by the presence of 
a black manganese stain on the exposed rock 
surfaces. The inter-relationships of all the 
rocks, including light pegmatitic and meta-sedi- 
mentary bands are obscured by this mangani- 
ferous paint. 

Of five hundred rock specimens collected 
and macroscopically examined, two hundred and 
sixty wei'e sliced and examined microscopically 
in an effort to become familiar with the main 
rock types. The detailed petrography of the 
rocks is available in manuscript form in the 
Department of Geology of the University of 
Western Australia. 


With regard to nomenclature, the term 
“greenstone” which has had such a wide usage 
in the geological literature of the goldfields of 
Western Australia, has not been favoured in 
this paper. Wherever it has been used it is in 
a very generalized sense, e.g., “the greenstone 
areas of the Yilgarn, &:c.” implies an area con- 
sisting predominantly of meta-basic volcanics 
and hypabyssals. It is a useful field name but 
too vague and non-descriptive in its meaning 
to be a satisfactory term in a detailed investi- 
gation. 

In preference to “greenstone” the term 
“amphibolite” is used. This is defined as a 
metamorphic rock consisting dominantly of 
hornblende and plagioclase. It does not in- 
clude the homblendic rocks which are the pro- 
duct of late-ma.gmatic deuteric alteration, such 
as the quartz diorite of this area. It can be 
subdivided into “meta-igneous amphibolite” and 
“meta-sedimentary amphibolite”. It is a pre- 
cise term in that it implies the metamorphic 
nature of the rock and its main mineralogic 
feature. 

Epidiorite is another common term in the 
literature on metamorphosed basic igneous 
rocks. It implies a meta-igneous amphibolite, 
as defined above, and thus does not include 
deuterically derived hornblende-rich rocks. In 
order that the nomenclature might remain as 
simple as possible the name “epidiorite” is not 
used in this paper. 

All the igneous rocks have been referred to 
the classification of igneous rocks by Hatch 
et al. (1949). Thus the “soda granite” men- 
tioned in the earlier petrological work on the 
Phillips River rocks is referred to here as 
“granodiorite”. The name “porphyry”, so com- 
monly used for acidic porphyritic rocks in a 
greenstone area, is not used here. If the 
igneous origin of the rock in question is in 
doubt there may be some justification for using 
this vague term, but the porphyritic acid dykes 
described from this area are undoubtedly 
igneous and are therefore referred to as “por- 
phyritic dacite dykes”. 


Physiography 

The main physiographic feature of the area 
is the Phillips River which has cut its valley 
in an uplifted peneplained surface represented 
by the tops of the hills to the W'est of the area. 
To the south and south-west the Eyre and Mt. 
Barren ranges rise above this general level, as 
also does the Ravensthorpe Range to the east. 
The valley of the Phillips River is broad and 
symmetrical over the gneiss and. granodiorite 
but narrows as it crosses the gi'eenstone belt 
developing an asymmetric cross-section with 
low cliffs on one side. 

The course of the Phillips River and its tribu- 
taries is strongly influenced by the geology of 
the underlying rocks (see Plate 1). The change 
in direction of the Phillips just below the road 
crossing follows a swing in strike. The Twer- 
tatup Creek, flowing over the amphibolitic rocks 
has cut a stream channel whose level of drain- 
age is lower than the less developed streams to 
the north which flow over gneiss. It has thus 
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captured several tributaries of these latter 
streams. The quartz dolerite dykes weather 
more rapidly than either the granitic rocks or 
the amphibolites, so that stream channels are 
often localised along them. The best example 
of this is Big Creek, which follows such a dyke 
for over a mile as an “old” meandering, ag- 
grading stream between abruptly rising hills of 
gneiss. 

The Manyatup Creek follows a remarkable 
serpentine course with high cliffs around the 
“U”-shaped bends of the meanders. 

The amphibolites are covered by a red-brown 
to brown loamy soil which is in marked con- 
trast to the sandy soil which overlies the 
granitic rocks. Rock outcrop is generally re- 
stricted to the stream channels. 

Regional Distribution and Geological 
Structure 

The area under consideration (see Plate 1) 
consists essentially of a sequence of amphi- 
bolitic meta-volcanic rocks, which occupy a 
NE. -trending belt l-li miles wide. It is flanked 
to the north-west by a narrow band of schists 
(with associated crushed and laminated rocks) 
which separates the belt of volcanics from a 
complex of granitic gneiss and migmatites. To 
the south-east the volcanic sequence is termi- 
nated by intrusive granitic rocks, the contact 
between the two striking approximately 40"'. 

The gneissic complex, which is probably the 
granitized counterpart of a folded sequence of 
meta-sediments, continues for at least three 
miles to the north-w^est. It is probably con- 
tinuous with the gneisses which extend far to 
the north and west of the area and which also 
appear on the south coast at Hopetoun. In the 
north-east a well-defined band of basic migma- 
tite within the gneiss strikes north-west and 
occupies the north-east limb of an anticline 
which plunges in the direction 110®-130°. On 
nearing the band of schists the structure 
swings to 10“-20'’ parallel to the strike of these 
rocks, still maintaining the same lineation. The 
strike then remains similar for at least li miles 
to the south-west. The central expanse of 
gneiss, as exposed in the Phillips River north of 
Cocanarup, lacks any reliable structural in- 
formation. In the south-west corner of the area 
basic lenses within the gneiss again show a west 
to south-west strike and the same south-east 
plunging lineation. The overall structure in 
these rocks, as disceimible from this scattered 
information, is a south-east plunging anticline, 
the nose of which somewhat abruptly abuts the 
band of schists. 

North-east of Cocanarup the schists are pre- 
dominantly meta-sedimentary, but to the west 
some are more basic and probably meta-igneous. 
The meta-sedimentary schists are relics of a 
far grander pre-gneiss sequence which extended 
to the north-west in the area now occupied 
by the gneiss. Drag folds indicate that the beds 
are the “right-way-up”, with an anticlinal com- 
plex to the north-west which plunges south- 
east. 

The trend of the schists approximately paral- 
lels a zone of crushed and laminated rocks 
which possibly indicates the proximity of large- 


scale faulting. This zone strikes 10°-15° east 
of the Phillips River, swings west-south-west 
south of Cocanarup and continues with a south- 
west strike as it cuts the upper reaches of 
Twertatup Creek. No reliable structural in- 
formation was observed to indicate relative 
movement in this zone except a series of left- 
hand drag folds in schists within the zone of 
anomalous lineation to be mentioned below. A 
poor lineation at (175N, 135E)* suggests that 
in the north-east the movement is probably 
either east block north and down or east block 
south and up. Although the structure in the 
gneiss swings abruptly parallel to this zone, such 
a change in strike is not due to faulting as the 
lineations of the whole gneissic structure are 
constant, paralleling the fold axes (110'’-130°). 
It is likely, however, that both folding and fault- 
ing are approximately synclu'onous, both af- 
fording a release of the prevailing stresses. 

The majority of lineations in the schists con- 
form to the regional south-east lineation of the 
gneiss except in the area south of Cocanarup. 
Here the normal north-east strike and south- 
east dip locally assume a south-east to 
east strike, with a south-west to south dip. 
Several different lineations are observable but 
one plunging in the direction 200'’-210“ is 
noticeably constant. In view of the fact that 
the regional fold structures plunge in the direc- 
tion 110''-130°, these anomalous strikes and 
lineations are not related to the general fold 
pattern. They are most probably the result of 
localized drag on a fault zone. Such a fault 
would need a horizontal south block east com- 
ponent which indeed is suggested by numerous 
left-hand drag folds in this area. 

Several observed strikes and lineations, e.g., 
those just north of the road in the Phillips 
River channel (7S, 4W). are not easily explained 
by such a simplified account of the deformation, 
and probably Indicate the presence of other 
complexities in this highly deformed locality. 

Overlying the schists is the main belt of vol- 
canics. The name “Phillips River Meta-vol- 
canics” is proposed for this sequence. It is well 
exposed in the Phillips River from (40S. lOE) 
to the contact of the granite at (803, 125E). 
It consists predominantly of basic amphibolitic 
lavas and agglomerates with minor intercala- 
tions of meta-sedimentary lenses and more 
acidic volcanics. It is approximately 1.3 miles 
in thickness in this area. It is a typical com- 
plex basic volcanic pile with some dykes, sills 
and lenses of medium to coarse-grained hypa- 
byssals, which represent the feeders for the later 
flows. 

As the sequence is without any reliable marker 
horizons structural information is difficult to 
obtain. Such as is available, principally from 
small meta-sedimentary bands, shows that this 
accumulation of comi)etent flows and sills and 
less competent agglomerate and meta-sediment- 
ary horizons, has been strongly deformed by 
folding about a south-east plunging axis simi- 
lar to the folding of the meta-sediments to the 
north-west. The general strike is east-north- 
east to north-east but, as would be expected. 


*Co-ordinates on Plate 1 are in chains measured from 
a point 5 chains north of the Phillips River crossing. 
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it is somewhat variable and, due to the complex 
nature of the folding, is of little value in the 
structural interpretation. Poor outcrop condi- 
tions prevent any reliable co-ordination of the 
individual amygdaloidal and agglomeratic bands 
and even such localised features as the amygda- 
loidal tops of flows are too poorly exposed to 
allow any interpretation of sequence in the 
rocks concerned. 

In the south-east corner of the area under 
discussion a magmatic granodiorite intrudes the 
Phillips River Meta-volcanics along a contact 
which trends approximately 40 The contact 
is slightly discordant to the lO" strike of the 
adjacent volcanics [see in Manyatup Creek 
(SOS, 145E)], and the dip of the flow layers 
(60°-70® NW.) parallel to the contact is in 
marked contrast to the east to south-east dip 
of these rocks. 

The granodiorite and the Phillips River Meta- 
volcanics are cut by a set of basic dykes which 
are now represented by massive amphibolites, 
practically indistinguishable in hand specimen 
from the hypabyssal phase of the earlier vol- 
canics. When exposed in the Manyatup Creek 
they trend north-north-east to north-east and 
are easily confused with the xenoliths of the 
older lavas, although they are more massive and 
show chilled edges grading into a coarser centre. 
Some have a fairly shallow dip to the north 
and in vertical sections are easily distinguished 
from the more steeply dipping xenoliths. 

Eight and three-quarter miles to the north- 
east, in the granodiorite of Cattlin Creek near 
Ravensthorpe, identical dykes have been mapped 
(Pig. 5). Here it is clear that the magma has 
come in along joints in a chilled granite. The 
general strike in this locality is south-east 
(Woodward et al., 1909, p. 14). 

In the meta-volcanic rocks these amphibolite 
dykes are very difficult to distinguish from the 
older rocks, especially the coarser-grained hypa- 
byssals. They are well-developed in the bed of 
the Phillips River between (65S, 85E) and 
(40S. IlOE). Striking about 40° they are the 
predominant rock exposed in the river channel 
for over 30 chains. The nature of this occur- 
rence is shown in Fig, 6. Multiple intrusion has 
added to the general complexity of the em- 
placement. 

The granodiorite and the meta-volcanics in 
the Manyatup Creek are cut by several dykes of 
porphyritic dacite. In a well-exposed outcrop 
at (SOS, 152E) a dyke striking 320° is seen 
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cutting the amphibolite dykes in the grano- 
diorite. No definite field relations have been 
observed between these intrusions and the peg- 
matites or the quartz dolerites, but it is con- 
sidered most probable that these dacitic dykes 
are closely related to the post-granodiorite am- 
phibolite dykes and are thus pre-pegmatite and 
pre-quartz dolerite. 

Pegmatites are common throughout the area 
under consideration. By far the most import- 
ant of these are the sheet-like tourmaline- and 
muscovite-bearing pegmatites which are found 
throughout the belt of volcanics. Varying from 
a few inches to several feet in thickness they 
probably fill horizontal joints produced by the 
release of vertically-acting stresses. Within the 
gneiss diverse types of pegmatite dykes and 
sills occur. They are devoid of the tourmaline 
and muscovite of the abovementioned, but may 
be biotitic. 

Prominent quartz dolerite dykes, with coarse 
quartz gabbro or quartz diorite centres are the 
youngest intrusives in the area. At (76S, 
68W) in Twertatup Creek, parallel quartz dole- 
rite dykes are clearly seen to cut an older peg- 
matite sheet. The dykes usually follow a well- 
developed east-north-east trend. More rarely 
the outcrop may follow an irregular course, as, 
for example, at (70S, 90W) where the magma 
seems to have been emplaced in two sets of 
intersecting joints. The dykes occur in the 
gneiss, the meta-volcanics and the granodiorite. 

Younger sedimentary cover is almost entirely 
absent from the area, except for an occasional 
occurrence of lithified river conglomerate or 
ferruginous grit. Conglomerate is best developed 
in the valley of Big Creek, while a small de- 
velopment of jointed grit occurs at (45S, 145W) 
in a small stream channel. Scattered boulders 
of a similar grit are found in the sandy soil 
which covers the gneiss at half a mile north- 
east of the crossing of the Phillips River and 
the Ongerup road. 

Petrology 

Meta-Sediments 

These rocks are best developed in the north- 
east where they form a narrow belt between 
the gneiss and the main belt of meta-volcanics. 
Minor occurrences are found intei’bedded with 
the meta-volcanics. Generally they are schis- 
tose and show rapid mineralogic variation at 
right angles to the strike — a feature indicating 
their sedimentary parentage. 


1 — Chemica land Mineralogical Characteristics of the Meta-Sedimerds 


Group 

Principal component oxides 

Essential Minerals 

1 

(FeMg)O 

Grunerite, magnetite, hematite 

2 

(FeMg)O, AI^Os 

Anthophyllite, cummingtonite, chlorite, garnet, cordierite 

3 

(FeMg)O, AlaOa, (Na,Ca)0 

Anthophyllite, cummingtonite, cordierite, plagioclase 

4 

(FeMg)O, AlaOs, (NaaCa)O, K^O 

Garnet, staurolite, biotite, andalusite, plagioclase 

5 

(FeMg)O, AI 1 .O 3 , (NasCalO, K^O, CaO 

Garnet, biotite, hornblende, plagioclase 

6 

A1,0„ (Na2Ca)0, K^O 

Sillimanite, muscovite, plagioclase 

7 

AljOg, KaO 

Sillimanitc, muscovite, microcline 

8 

AI 2 O 3 , (XaaCa)O, CaO 

Plagioclasej epidote, calcite 


iffote . — All groups are saturated with respect to silica and quartz is a common constituent of all assemblages. 
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A summary of the essential minerals which 
constitute these schists (Table 1) serves to in- 
dicate the variation in mineralogy resulting 
from variation in the chemical composition of 
the original sediments. To further emphasize 
this variation, the rocks have been grouped ac- 
cording to their component oxides, each group 
being treated separately in the summary de- 
scriptions that follow. All of these rocks are 
either saturated or over-saturated with respect 
to silica. 

Group 1 is represented by lenses of highly 
contorted banded iron-rich rocks. They repre- 
sent lenses of banded ferruginous chert in the 
original sedimentary successsion. Most of their 
complex contortions are secondary and due to 
tectonic deformation. 

It is somewhat more difficult to describe the 
parent sediment of the rocks of Group 2. They 
are very rich in iron and magnesia with or 
without considerable alumina. The ratio Mg/Fe 
is probably very high. They could be conform- 
able basic intrusives. The fact that sediments, 
rich in iron, magnesium, alumina and silica, 
without appreciable calcium and potassium are 
very rare today, and indeed in all post-Cam- 
brian stratigraphy, does not necessarily mean 
that such sediments could not occur in the 
peculiar environments of the Pre-Cambrian. 
The formation of cordierite probably requires 
a high magnesium/iron ratio as well as suf- 
ficient alumina, but its occurrence so close 
(within 20 yards) to rocks of “high stress” 
metamorphic facies throws some doubt on the 
validity of the stress and anti-stress sub-divi- 
sion of metamorphic minerals, in particular 
the supposed anti-stress nature of cordierite. 
The chlorite of these rocks is a relict mineral 
and not due to retrogressive metamoi*phism so 
that within a chain or so of sillimanite grade 
metamorphism we apparently have disequili- 
brium mth a low grade metamorphic mineral 
surviving as a stable relict. 

In Group 3, with the incoming of noticeable 
amounts of calcium, some of the alumina is 
fixed as plagioclase. In most of the meta-sedi- 
ments the sodium is sufficient for all the com- 
bined calcium and alumina to form a stable 
plagioclase. In Group 8 where this is not so, 
epidote appears as a primary metamorphic 
mineral. Rocks of Group 3 occur as lenses 
within the basic lava sequence. Some might 
have close affinities with the non -amphibolitic 
meta-volcanics which are at times mineralogic- 
ally identical. It is to be expected that transi- 
tional tuifaceous sediments will occur which 
could be included in both meta-sedimentary and 
meta-volcanic sub-divisions. 

The characteristic of Group 4 is the avail- 
ability of potash in a system otherwise contain- 
ing only iron, magnesium, alumina and silica. 
This results in the development of biotite. When 
iron and magnesium are In excess of the potas- 
sium but not of the alumina, the ferro-mag- 
nesium aluminium silicates almandine and 
staurolite accompany the biotite. In specimen 
34184** the alumina content is sufficiently 


♦♦Catalogue number in the general rock collection of 
the Department of Geology, . University of Western 
Australia. 


high to enable a pure aluminium silicate to form 
even after the iron, magnesium, potassium and 
sodium-calcium oxides have been satisfied. This 
aluminium silicate is, however, andalusite and 
not kyanite, an anomaly which again suggests 
that the importance of stress, in determining 
the stable mineral assemblage in metamorphism, 
has been over-emphasized. 

In Group 5 the calcium content is in excess 
of that required for the plagioclase so that the 
calcium enters the ferromagnesian alumino-sili- 
cates to form hornblende. As this excess cal- 
cium content increases hornblende becomes the 
principal ferromagnesian mineral and the rocks 
become amphibolitic. 

Groups 6 and 7 are examples of highly 
aluminous meta-sediments. They contain prac- 
tically no iron or magnesia but are correspond- 
ingly rich in potassium and alumina. Silli- 
manite, muscovite and microcline are typical 
minerals. If sodium and calcium are present, 
plagioclase enters the assemblage. 

The particular conditions under which the 
potassium-aluminium silicates (microcline or 
muscovite) formed are obscure. Perhaps the 
alkalinity of the environment effects some con- 
trol as also may the prevailing stress. Often, 
however, the microcline appears to be later than 
the mineral assemblage with which it is as- 
sociated, suggesting that it is due to potash 
metasomatism. 

Several rock types show notable effects of 
metasomatism contemporaneous with and later 
than the epoch of metamorphic recrystallization. 
In such rocks as 34187 and 34183 tourmaline 
is very abundant and must represent a notice- 
able influx of sodium and boron. This tourma- 
line is orientated parallel to the lineation of the 
rocks and must have grown under stressed con- 
ditions. Zoislte, which occurs in the former 
specimen, could also be of metasomatic origin. 
The possibility therefore arises that much of 
the muscovite and microcline may also be due 
in part to introduced material which has come 
in with the elements required for the tourma- 
line and zoisite. 

It has already been assumed that those meta- 
sediments which have been grouped, have their 
differences in mineralogy mainly because of 
differences in their sedimentary parent rocks 
and that later chemical changes have been sub- 
ordinate. If this were not so it is difficult to 
understand the preservation of such fine varia- 
tions in mineralogic assemblages as are observed 
across the strike of the schists. Intense meta- 
somatism tends to develop a homogeneous end 
product of simple mineralogy. However, it 
must be remembered that the gneiss is very close 
to the schists and even if the adjacent meta- 
volcanic sequence was not always in its present 
juxtaposition with respect to the gneiss (see 
later Geological History) at least the schists in 
part certainly were. This gneiss is the product 
of granitizatlon, i.e., intense metasomatism, and 
some effects in the adjacent schists are to be 
expected. However, the nature and source of 
such metasomatism is obscure. The problem 
will be briefly mentioned again in the review 
of metasomatism in the area. It might be 
mentioned, however, that the gneiss is char- 
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acteristically low in potash so that microcline 
is extremely rare. Thus it is doubtful if the late 
metasomatic microcline of the schists can logic- 
ally be related to the granodioritic gneiss. 

With regard to the grade of metamorphism 
which has controlled the mineralogy of these 
meta-sediments we may note that most of the 
outcrops occur close to the gneiss, so that the 
high temperature (high grade) minerals such 
as sillimanite. staurolite, cordierite and andalu- 
site would be expected. The metamorphism, 
however, may be synchronous with and not con- 
sequent on the emplacement of the granitic 
gneiss. The fact that “stress'’ and ‘‘anti-stress" 
minerals occur together, at times within the 
same rock, throws grave doubts on the import- 
ance of the stress factor in determining the 
stable mineral assemblage. The occurrence of 
relict chlorite in non-retrograde rocks inter- 
bedded with schists of high grade metamorphic 
assemblages illustrates, perhaps, how stable a 
relict mineral can be in a peculiar chemical en- 
vironment such as is afforded by certain of the 
rock types. 


The Phillips River Meta-Volcanics 

This group of rocks is a typical metamor- 
phosed volcanic pile, made up originally for the 
most part, of basic lava flows and agglomerates 
which have suffered considerable deformation 
and regional metamorphism producing a com- 
plex assemblage of amphibolites. Interbedded 
with these amphibolitic rocks are minor amounts 
of meta-volcanics which are not amphibolites, 
hornblende being veiT subordinate or absent. 
Meta-sedimentary lenses occur but are rare and 
very restricted in their development. 

Associated with these basic extiiisives are 
various representatives of the hypabyssal phase 
of the same magma which solidified in channels 
at depth. 

In the vicinity of zones of faulting the mas- 
sive amphibolitic rocks become very schistose. 

(i) Ampliiboliiie Meta-volcanics . — The amphi- 
bolitic meta-volcanics which include mcta-lavas, 
meta-agglomerates and meta-tuffs account for 
95% of the eruptive rocks of this sequence. The 
abundance of amygdaloidal and agglomeratic 
structures gives pasitive evidence of the volcanic 
nature of these amphibolites. Although there 
is ample evidence, afforded by field observations 
of highly deformed bands and by thin section 
studies of micro-folding within individual speci- 
mens, that these rocks have suffered consider- 
able deformation, macroscopic schistosity is very 
poorly developed. 

In thin section the rocks are seen to have 
suffered almost complete recrystallization and 
a linear parallelism of the elongate amphibole 
is common. This parallelism is sometimes only 
an apparent linear structure, as the amphiboles 
may have their elongation parallel to a preferred 
plane but not to a line within that plane. A 
close macroscopic examination of specimen 
34199 shows that the linear parallelism of the 
section is in fact only a planar parallelism. 
When the rocks are amygdaloidal and the amyg- 
dales are small, the amphibole may assume a 


pseudo-flow structure around the elongated 
cavity filling. This, however, is not a primary 
structure but due to the fact that, for the most 
part, the elongation of the amygdale and the 
parallelism of the amphiboles ai'e tectonic in 
origin and both due to the same deformation. 
For example, the long axes of the elliptical 
amygdales in specimen 34274 are parallel to the 
tectonic lineation of the area, and as such this 
elongation is most probably a secondary struc- 
ture. 

The mineral assemblage developed in the 
groundmass of the meta-lavas belongs to the 
amphibolite metamoi*phic facies (Turner and 
Verhoogen, 1951, p. 446). Hornblende and 
plagioclase constitute 85% of the rocks, the 
minor associated minerals being quartz, biotite 
and cummingtonite with accessory sphene, apa- 
tite, iron ore and leucoxene. 

The plagioclase, which is typically andesine, 
is of two types of which by far the most im- 
portant is a clear, granular untwinned meta- 
morphic variety. The other less important type 
is a relict igneous plagioclase still showing a 
tabular or lath-like form and complex lamellar- 
twinning so characteristic of plagioclase which 
has crystallized from a liquid phase. The meta- 
morphic plagioclase is commonly reverse zoned. 

The hornblende forms prismatic blue-green 
crystals which at times exhibit tenninal over- 
gi’owths of a colourless lamellar-twinned cum- 
mingtonite. Where broad corroded remnants of 
hornblende are terminated by this cumming- 
tonite (see Fig. 2) it is clear that the cumming- 
tonite has been formed, at least in part, by re- 
placement of the earlier hornblende. 



1mm. 


fig. 2.— Sketch of a typical porphyrohlast of cumming- 
tonite centred about a corroded remnant of hornblende. 
Hornblende originally formed the greater part of the 
crystal but has been replaced by cummingtonite. The 
groundmass consists of a fine aggregate of granular 
plagioclase and prismatic hornblende, occasionally with 
cummingtonite overgrowths (specimen 34199). 
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The amygdales may consist of granular plagio- 
clase, quartz, epidote and hornblende occasion- 
ally with accessory chlorite. Metasomatic cum- 
mingtonite. biotite, prehnite, epidote, clino- 
zoisite and chlorite are occasionally present in 
the groundmass. 

The agglomeratic rocks exhibit a mineral as- 
semblage similar to the groundmass of the lavas 
both in the fragments and the matrix with the 
exception that biotite and quartz are some- 
what more common and in highly calcareous 
types diopside and calcite make their appear- 
ance. 

The texture of the meta-volcanics is invari- 
ably one of fine grain <<0.05 mm.) with the 
untwinned plagioclase and quartz forming a 
I granular mosaic in which a greater or less 

j amount of blue-green, prismatic or acicular 

hornblende (and more rarely colourless cum- 
mingtonite) is embedded. Occasionally the am- 
phibole assumes more prominent dimensions 
especially when due to the recrystallization of 
amygdale fillings. As in the meta-lavas, horn- 
blende at times exhibits a corroded form with 
or without cummingtonite overgrowths. 

It is important to note that the recrystalliza- 
tion has not generally been accompanied to any 
extent by an increase of grain size, so that the 
original fine texture of the groundmass and very 
small primary structures are still preserved. 
However, nearly all trace of the original min- 
eralogy and mineral inter-relationships has 
been destroyed. One exception is the relict 
plagioclase phenocrysts previously mentioned. 

Metasomatism must have been important in 
many ways during the metamorphic history of 
the meta-volcanics. Besides the abovemen- 
tioned late cummingtonite replacement there is 
other evidence of changing chemical environ- 
ments. The reverse-zoned plagioclase is evi- 
dence of partial adjustment to an environment 
being enriched in calcium and aluminium. The 
biotite, muscovite, tourmaline and chlorite of 
certain specimens are probably metasomatic in 
origin and related to nearby pegmatite sheets. 
Many peculiar epidote-rich rock types are evi- 
dence of calcium-hydroxyl metasomatism. For 
example, an agglomerate (34211) which still 
shows its original textures and structures has 
been completely reduced to a quartz-epidote ag- 
gregate. 

(ii) Non- Amphibolitic Meta-volcanics . — These 
rocks have a minor distribution within the 
basic meta-volcanics. Some probably represent 
acidic lavas, and others were agglomeratic or 
tuffaceous sediments. The calcium, iron and 
magnesium content has been sufficient to pro- 
duce hornblende in very minor amounts only, 
if at all. Non-volcanic meta-sediments occur 
' with very similar mineralogy. The meta-vol- 

' canics are distinguished from the meta-sedi- 

ments by the presence of typical agglomeratic 
structures and relict igneous plagioclase crystals 
, the latter indicating that the rock was either a 

' porphyritic lava or a crystal tuff. 

The mineralogy clearly show^s that they are 
chemically richer in the alkalies, alumina and 
' silica than the normal amphibolitic meta-lavas, 

I but correspondingly poorer in calcium, iron and 

' magnesium. Like their amphibolitic counter- 


parts they are fine-grained and their mineral 
assemblage represents a sub-facies of the am- 
phibolite metamorphic facies (Turner and Ver- 
hoogen, 1951, p. 446). The plagioclase still 
persists in its two forms, namely, as untwinned 
relict igneous crystals and the more abundant 
granular untwinned metamorphic type. 

Two varieties of cummingtonite of different 
origin are present. One type is that which has 
developed as the original amphibole during the 
metamorphic recrystallization. This is the cum- 
mingtonite comparable with that of the meta- 
sediments. The other type is represented by 
the overgrowths on hornblende in specimen 
34220. Hornblende clearly was the amphibole 
which resulted from the recrystallization of the 
parent rock, but a subsequent change in the 
chemical nature of the environment (an en- 
richment in iron and magnesium relative to cal- 
cium and aluminium) resulted in a stable cum- 
mingtonite overgrowth. As in the amphibolitic 
meta-volcanics, some of this cummingtonite may 
have been developed by replacement of the 
earlier hornblende. 

Late calcium metasomatism is evident from 
the calcite replacement veins in several rocks. 
The resorption of the hornblende in specimen 
34220 is also a late metasomatic phenomenon. 

(iii) Associated Hypabyssals . — Within a pile 
of five to seven thousand feet of basic lavas 
some associated basic hypabyssal representatives 
are to be expected. These, in the form of dykes 
and sills, represent that portion of the magma 
which solidified in channels and concordant off- 
shoots below the surface of the accumulating 
volcanic pile. They may or may not be chilled 
against the country rock, and in either case 
the relations with the lavas are complicated 
and obscured by the strong deformation which 
the whole sequence has undergone. Contacts are 
often somewhat sheared. 

Thus irregular pods, dykes and sills of coarse- 
grained amphibolite are commonly found in the 
fine-grained amphibolitic lavas and agglomer- 
ates, folded but less severely crumpled than the 
more incompetent members. Since it has been 
shown that all the meta-lavas are fine-grained 
(increase in grain size by recrystallization be- 
ing a very rare and unimportant phenomenon), 
these hypabyssals are easily distinguished from 
their extmsive counterparts. However, it is im- 
possible to trace field relationship for any dis- 
tance under the prevailing conditions of out- 
crop. Also, great difficulty is experienced in 
macroscopically distinguishing these rocks from 
the later suite of post-granodiorite amphibo- 
litic intrusives. 

Mineralogically they consist of tabular blue- 
green hornblende and plagioclase which varies 
in composition from andesine to bytownite. The 
plagioclase in part forms large tabular lamellar- 
twinned crystals which are igneous in origin and 
clearly indicate that the coarse texture of these 
rocks is primary and not the result of meta- 
mox'phism. As in the fine-grained meta-lavas, 
granular untwinned plagioclase (the product of 
recrystallization) is present and is a useful 
(though not infallible) guide in distinguishing 
these coarse-grained amphibolites from the 
genetically distinct amphibolites which intrude 
the granodiorite. 
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It should be noted that any hypothesis con- 
cerning the genesis of the coarse-grained am- 
phibolites that assumes all these rocks are ap- 
proximately the same age is completely dis- 
proven by field evidence in the gn'anodiorite ex- 
posures of the lower Manyatup Creek. At (SOS. 
153E) folded xenoliths of the Phillips River 
Meta-volcanics contain patches of coarse- 
grained amphibolite, which, by virtue of their 
relict igneous plagioclase and texture cannot be 
explained by “metasomatic coarsening”, lliey 
are not chilled against thp enclosing rock. Then, 
cutting the gi’anodiorite and these xenoliths are 
the irrefutably later amphibolite intrusions (see 
Fig. 8). 

(iv) Schistose Amphibolites. — In the vicinity 
of zones of rock failure the characteristically 
massive basic rocks of the Phillips River Meta- 
volcanics pass into amphibolitic schists. Thus 
the schistose members of this sequence are par- 
ticularly localized along the zone marginal to 
the gneiss and to a lesser extent in a zone strik- 
ing south-west in Twertatup Creek between 
(50S, 45W) and (90S, 85W). 

The catalytic influence of the increased de- 
formation and the availability of solutions in 
these zones has promoted some increase in 
grain size, although some very coarse schists 
are probably the result of shearing of origin- 
ally coarse-grained amphibolites. 

These schistose rocks are frequently veined 
parallel to the schistosity with diopside-rich 
material. In such veins the hornblende of the 
original schist is replaced by diopside which is 
occasionally associated with talc, epidote. cal- 
cite and prehnite. The veining is the result of 
subsequent metasomatism. With diopside being 
the main constituent of the veins and forming 
at the expense of hornblende, some relative en- 
richment in calcium must have taken place. 
This may have been effected either by the in- 
troduction of this element or by the removal 
of magnesium, iron and aluminium. The diop- 
sidization could be an earlier high tempera- 
ture metasomatic phenomenon which was fol- 
lowed by the introduction of carbon dioxide 
which produced a form of steatitization giving 
talc and epidote from the diopside (Turner and 
Verhoogen, 1951, p. 494). 

In specimen 34231 where the formation of the 
diopside veins similarly requires an enrichment 
in calcium the plagioclase in the vein has be- 
come more sodic during the metasomatism. Evi- 
dently, under the prevailing physico-chemical 
conditions, oligoclase was the stable plagioclase 
in lieu of andesine. 

(v) Summary of the Petrogenesis of the Phil- 
lips River Meta-Volcanics. — The complex is the 
result of the regional metamorphism of a vol- 
canic pile consisting of 95% extrusive rocks, 95% 
of which are basic in composition. Intercalated 
with these basic members are minor develop- 
ments of more acidic volcanics richer in sodium, 
alumina and silica than the normal rock types 
and thus equivalent to the sodic differentiate of 
the basic magma. Relict amygdaloidal and ag- 
glomeratic structures, together with blasto- 
porphyritic textures give conclusive evidence of 
the volcanic nature of these rocks. 


The mineral assemblage is typically horn- 
blende and plagioclase with minor amounts of 
biotite, cummingtonite, quartz, epidote, diopside, 
sphene, apatite and iron ore. Quartz, biotite 
and diopside are more common in the meta- 
sedimentary fragmental volcanics. 

The plagioclase is usually andesine and may 
even be more calcic. It is of two varieties — 
relict igneous plagioclase crystals, which are 
tabular or lath-like in habit and show lamel- 
lar-twinning. and metamorphic plagioclase (by 
far the most abundant) which is granular and 
untwinned. The latter is often reverse-zoned, 
which is evidence of the environment being 
metasomatically enriched in calcium. Other 
evidence which leads to this same conclusion is 
the calcite replacement in the meta-dacites and 
the diopside, prehnite, and carbonate veining, 
which is common to most rocks of the sequence. 

Coarse-grained hypabyssal counterparts of the 
basic lavas occur and are easily distinguished 
from the fine-grained volcanics by the differ- 
ence in grain size which is very similar to that 
originally developed in the parent rock. 

The whole sequence has suffered very strong 
deformation which has been more severe in the 
less competent agglomeratic and sedimentary 
bands than in the competent intrusives or thick 
lava sequences. The latter rocks remain fairly 
massive in structure. Near zones of shear ail 
these rock types pass into schists. 

Besides the calcium metasomatism there have 
been other similar replacement phenomena. One 
is the replacement of amphibolitic volcanics by 
epidote. Another is the replacement and over- 
growth of cummingtonite on hornblende. This 
cummingtonite is later than the epoch of re- 
crystallization and is probably of later genesis 
than the cummingtonite of certain meta -sedi- 
mentary and agglomeratic bands which, because 
of their original chemical nature have given 
cummingtonite directly. , 

Crushed and Laminated Rocks 

Several zones of crushed and laminated rocks 
occur within the schists which flank the Phil- 
lips River Meta-volcanics to the north-west. 
These rocks display parallel, lenticular and 
banded structures so typical of rocks in which 
strong lateral movements have been localized. 
One such zone strikes 15'* between (170N, 135E) 
and (35N, 70E). The crushed rocks are very 
fine-grained, finely banded, with augen and 
micro-lenticular stmetures which give the rocks 
an apparent “fiow” structure (34235). Minera- 
logically they consist principally of fine granu- 
lated quartz with muscovite, biotite and a little 
plagioclase. The plagioclase may be as basic 
as labradorite. Immediately adjacent to these 
crushed rocks in the above zone are very finely 
laminated rocks which consist of hornblende, 
plagioclase and quartz. The laminated nature 
of these rocks is due to the segregation of the 
dark hornblende and the colourless quartz and 
plagioclase into distinct bands. In one outcrop 
of this type of rock 19 such bands were present 
within 1 cm. In such a finely banded specimen 
(34236) the plagioclase is a bytownite though 
generally the plagioclase is less calcic, being 
either andesine or labradorite. 
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other zones of crushed rocks trend north- 
east to south-west through (65S, 115W); from 
(lOS, OOW) in the Phillips River for half-a-mile 
in a west-south-west direction; and in the 
Twertatup Creek at (75S, 65W) along a 35° 
strike. 

The fine-grained crushed rocks, with their 
parallel and lenticular structures are due to rock 
failure and strong shearing movements localized 
along zones within the meta-sediments but 
probably slightly discordant to their strike. Such 
deformation has taken place at a high tem- 
perature so that the movement parallel to the 
foliation has produced a fine gneissic “flow” 
structure rather than excessive mylonitization of 
the constituent minerals. 

The proximity of the laminated and schistose 
rocks to such a zone has been noted. There 
appeal’s to be no doubt that the laminated na- 
ture of such rocks w^hich are in juxtaposition 
to crush-zones, is due to a process of metamor- 
phic differentiation under the influence of 
strong shearing movements, rather than to 
original sedimentary stratification. It is thus 
a pseudo-stratification which parallels the schis- 
tosity and not the bedding of the original 
rocks. 

The production of the pseudo-stratification is 
broadly synchronous with the deformation of 
the rocks and is the result of the unmixing or 
differentiation of the deformed rock mass into 
assemblages of minerals which respond simi- 
larly to the prevailing stresses. Thus, by means 
of direct componental movements, involving 
mechanical gliding or rotation of mineral grains, 
and indirect componental movements which in- 
clude solution, diffusion and redeposition, the 
more mobile quartz and plagioclase are separ- 
ated into bands apart from the hornblende 
which is mechanically dissimilar (Sander, 1930, 
pp. 115, 269-275, quoted by Turner, 1941, p. 12). 

The preservation of minerals, such as calcic 
plagioclase. in these rocks, and the completeness 
of this differentiation is evidence of the very 
high temperatures prevailing at the time of de- 
formation. 

Graiiodiorite 

The granitic mass which cuts off the Phil- 
lips River Meta-volcanics to the south-west is 
continuous with that which forms the centre 
of the complex in the vicinity of Ravensthorpe 
townsite. The contact with the volcanic succes- 
sion, as exposed in the lower reaches of the 
Manyatup Creek, is slightly transgressive to the 
strike of these older rocks. Over much of the 
area where this rock is developed there is a well- 
defined flow-banding due to the orientation of 
the ferromagnesian minerals and basic xeno- 
liths. This structure is approximately parallel 
to the contact and dips 60° to 70° north-west 
which is strongly transgressive to the east- 
south-east dip of the meta-lavas. Although the 
contact is obviously discordant, no reliable evi- 
dence of a chilled margin against the country 
rock has been observed. There certainly is no 
evidence of it within f-chain of the contact 
at (50S, 145E). 

Most of the mineralization of the Ravens- 
thorpe area is marginal, and probably genetic- 
ally related, to the granodiorite. The grano- 


diorite consists of oligoclase (45%), quartz 
(30%) and hornblende (25%). The most im- 
portant petrographic feature is the blue-green 
hornblende which occurs as very disjointed crys- 
tals. When viewed normal to the c axis 
small parallel orientated disconnected prisms 
form an optically continuous crystal, or else 
the prism is seen to be notably sutured (see Fig. 
3 (A)). When viewed in a section cut perpen- 
dicular to the c axis it is also very irregular 
with disconnected granules forming the basal 
section. The occurrence of flow-banding at the 
contact indicates the fluid nature of this rock 
at the time of its emplacement. However, it is 
not so certain that the final rock is the result 
of crystallization from a rock melt. A glance 
at the hornblende so typical of this granodio- 
rite (see Fig. 3), with its disjointed crystal 
form, arouses immediate doubts as to its par- 
entage. These irregular crystals could be the 
result of late magmatic resorption of primary 
hornblende or perhaps to some extreme form 
of poikilitic growth. Again, they could owe their 
form to post-crystallization recrystallization be- 
ing modified under the influence of subsequent 
regional metamorphism. The occurrence of 
small acicular crystals of hornblende in the 
plagioclase in exactly the same way as in the 
relict plagioclase of the meta-volcanics does in 
fact suggest that this granodiorite has suffered 
some metamorphism. 



FIG. 3. — Sketch showing the appearance of the horn- 
blende in the granodiorite when viewed (A) in a sec- 
tion parallel to the c axis (specimen 34239) and (B) 
in a section perpendicular to the c axis. The cor- 
rosion has been predominantly by the plagioclase. 

Quartz (clear) is the only other constituent. 



I 2 mm I 

FIG. 4. — An idealized sketch Illustrating the nature of 
the resorption of a hornblende crystal in the grano- 
diorite, producing disconnected, yet optically con- 
tinuous, fragments. 
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The clue, however, is given in small veins of 
granodiorite which cut coarse xenolithic am- 
phibolite at (SOS, 185E). In thin section these 
veins are very similar to the normal granodio- 
rite except a little finer in grain and richer in 
quartz. Although they are definite vein off- 
shoots of the granodiorite magma, there is no 
evidence of alignment of the minerals parallel 
to the margins, nor is there any chilled margin. 
Their formation is due entirely to the replace- 
ment of the original hornblende of the amphi- 
bolite by plagioclase with or without quartz. The 
resorption of the hornblende has been con- 
trolled to a certain extent by its cleavages, so 
that relict fragments are bounded by cleavage 
faces rather than normal crystal faces, as they 
would be if they resulted from crystallization. 
The resorption of the hornblende has been 
easier parallel to the c axis and more diffi- 
cult at right angles to the cleavages, so that 
individual cleavage columns have been removed, 
leaving adjacent columns untouched. This pre- 
ferential corrosion parallel to the c axes 
along cleavage columns thus ideally produces 
an optically continuous basal section made up 
of disconnected cleavage rhombs, and when 
viewed in the prism zone, an aggregate of orien- 
tated prisms, again disconnected in the sec- 
tion but optically continuous (see Figs. 3 and 4). 

When the relict hornblende in these veins is 
compared with the disconnected crystals of the 
typical granodiorite it is found that they are 
identical. The fragmentary nature of the horn- 
blende in the main granitic body is explained 
by exactly the same sort of corrosion of origin- 
ally larger crystals often leaving as relics, cleav- 
age columns, bounded by cleavage faces. 

On this evidence it is suggested that although 
the Plutonic body was intruded in a magmatic 
state, it is the result of metasomatism of amphi- 
bolitic rocks in which the hornblende is replaced 
by plagioclase and quartz. Such metasomatism 
would be the result of the introduction of 
silica, alumina, sodium and sometimes calcium, 
and expulsion of iron, magnesium and some- 
times calcium. 

Just how far the magma has moved is con- 
jectural. The fact that the sieve-like horn- 
blende crystals have not been disrupted (the 
fragments remain in optical continuity) sug- 
gests that the movement has not been excessive 
or at least has been a very quiet injection. 

One important point which is not so clear 
is what is the result of the granitization of the 
fine-grained lavas? The production of the 
large areas of ophitically continuous relict frag- 
ments is only possible when the original rock 
has a fairly coarse texture. Further work on 
this interesting pluton will be necessary to de- 
termine the relative contribution of the re- 
placed coarse — and fine — grained amphibolites 
to this magma. Unless recrystallization to a 
coarse-grain precedes resorption, the latter am- 
phibolites will give a rock of different texture 
to the former. There does not seem to be any 
evidence of the granodiorite producing any re- 
crystallization of the wall rock with the pro- 
duction of uniformly large crystals. Relatively 
fine-grained xenoliths have been noted which 
exhibit no noticeable increase in grain size. 


The unorientated acicular hornblende inclu- 
sions in the plagioclase of specimen 34239 pre- 
sent another problem. They appear to be typi- 
cally secondary and identical with inclusions in 
the relict plagioclase of highly metamorphosed 
volcanics and associated hypabyssals, e.g., speci- 
mens 34196 and 34224. It is possible that under 
sustained conditions of elevated temperatures 
and stress, some metamorphic or metasomatic 
introduction or redistribution took place with 
the growth in the plagioclase of these secondary 
acicular crystals. 


Amphibolite Dykes of Post-Granodiorite Age 

Woodward (1909> has recorded the occurrence 
of north-noi'th-west-trending amphibolite dykes 
in the granitic rocks which form the core of 
the Ravensthorpe-Kundip complex. During the 
present investigation these dykes were examined 
in Cattlin Creek near Ravensthorpe and the re- 
lations of one of these intrusives to the grano- 
diorite was mapped in detail (see Fig. 5). The 
chilled margins of the dykes and the angular 
nature of the contacts clearly show that the 
basic magma has been injected into joints in 
the chilled granodiorite. 



FIG. 5. — Amphibolite dykes In granodiorite in the 
Cattlin Creek, Ravensthorpe, 20 chains upstream from 
the south-west comer of M.H.L. 58. 


Similar dykes occur in the Cocanarup area. In 
the granodiorite of the Manyatup Creek they 
are fairly easily recognised, although some 
xenolithic material is at times very similar. 
They strike north-east. 

Within the belt of meta-volcanics the best 
exposure of these dykes is in the Phillips River 
at (53S, lOOE). Here the occurrence is com- 
plicated by multiple intrusion. Figure 6 illus- 


10 


trates this complexity. Xenolithic agglomerate 
is included in a coarse-grained dyke over 12 
chains wide, whose marginal contacts are not 
exposed. This dyke is in turn intruded by 
dykes of small size which are genetically related 
to the main intrusion and petrologically very 
similar, especially in the chilled marginal phase. 
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FIG. 6. — Plan of a complex occurrence of the amphi- 
bolites In the channel of the Phillips River at (53S. 

lOOE). 

Mineralogically they consist of plagioclase 
(labradorite or andesine) in tabular, lamellar- 
twinned crystals which are clearly igneous in 
origin and tabular blue-green hornblende. The 
plagioclase crystals are commonly kaolinized. 
Granular plagioclase is usually absent but oc- 
casionally occurs, chiefly in restricted veins. 
Skeletal ilmenite is a common accessory. 

These rocks are the equivalents of basic dykes, 
probably tholeiitic in character, which were in- 
truded into the Phillips River Meta-volcanics 
and the granodiorite after the main period of 
folding and metamorphism. Conditions prevail- 
ing after their emplacement caused hornblende 
to replace the original ferromagnesian constitu- 
ents. This replacement is complete, even in 


the chilled margins, and has produced an am- 
phibole indistinguishable from the normal horn- 
blende of the highly metamorphosed earlier am- 
phibolites. It is clearly not the result of 
deuteric alteration. The hornblende pseudo- 
morphs the earlier pyroxene which suta-ophi- 
tically included much of the original plagio- 
clase. The plagioclase is now kaolinized. 

In contrast to the hypabyssal phase of the 
earlier Phillips River Meta-volcanics these in- 
trusives are better defined with sharp un- 
sheared chilled margins against the country 
rock. The coarser phases have only kaolinized 
plagioclase. Granular feldspar, the product of 
recrystalUzation, is absent. However, in all 
three localities described, some granulose tex- 
tures were recorded in certain finer phases. 
Then it is almost impossible to distinguish these 
rocks, either macroscopically or microscopically 
from the earlier intrusives. This occasional de- 
velopment of granulose texture, especially 
granular plagioclase, may be explained in part 
(if not entirely) by the localized activity of 
vein solutions. Under the influence of solu- 
tions, with elevated temperatures and pressures, 
localized minerals could recrystallize. This ap- 
pears to be the only logical explanation of the 
veins of granular plagioclase in the typical non- 
granulose amphibolite dyke (specimens 34243 
and 34244). 

The Dacite Dykes 

In the lower course of Manyatup Creek a dyke 
of porphyritic dacite (34252) cuts both the 
granodiorite and the amphibolite intrusives. It 
trends 140° and is well exposed at (75S, 152E). 
Macroscopically it is a light flesh-coloured rock, 
porphyritic, with phenocrysts of quartz and 
euhedral oligoclase, up to 4 mm. long, though 
averaging to 2 mm. Mineralogically the rock 
consists of oligoclase 60%, quartz 35% with ac- 
cessory muscovite and biotite. 

The dyke is the result of the injection of 
dacitic magma into fractures in the grano- 
diorite (and probably elsewhere also in the 
volcanics). The magma may be genetically re- 
lated to the basic magma which gave rise to 
the younger amphibolite dykes. Small amounts 
of dacitic differentiate are quite commonly as- 
sociated with tholeiitic volcanism. 

The Granitic Gneiss and Migmatites 

Gneiss occupies the area to the north-west 
of the belt of schists and its associated sheared 
rocks. It extends for at least three miles in 
this direction and probably has a much larger 
development to both the north and west. 

The contact of the gneiss with the schists 
is characterized by migmatites. This is es- 
pecially the case where meta-sediments are ab- 
sent from the contact zone and the gneiss passes 
through basic migmatite into schistose amphi- 
bolitic lavas. All the meta-sedimenis adjacent 
to the gneiss exhibit sillimanite grade meta- 
morphism. A fine development of migmatites 
occurs in the north-east of the area. From 
(120N, 85E) it extends in a north-north-west 
direction for at least J-mile, following the strike 
of the gneiss. The rocks of this zone are very 
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finely laminated, and the individual laminae 
have a remarkably constant attitude and exten- 
sive lateral development. Most of the gneisses 
are granodioritic with a granoblastic texture. 
The plagioclase is an oligoclase and forms tabu- 
lar twinned crystals. Hornblende is the prin- 
cipal ferromagnesian mineral and occurs as cor- 
roded, granular, brown-green crystals which are 
in marked contrast to the prismatic blue-green 
hornblende of the meta-lavas and the disjointed 
crystal relicts of blue-green hornblende in the 
granodiorite. 

The most significant feature of the gneiss is 
that, although much folded, any lineation in it 
has a constant trend (110'" to 130°). This is 
explicable only if the greater part of the gneiss 
is a product of granltization which has pro- 
duced the present granitic rocks from a pre- 
existing folded sequence without the produc- 
tion of an either wholly or partly liquid mag- 
matic phase. Further, it is important to note 
that the lineation in the gneiss has similar 
trend and plunge to that in the adjacent schists 
and meta-volcanics. It is therefore logical to 
conclude, regardless of whether there has been 
any faulting marginal to the gneiss, that the 
rocks now represented by the gneiss were part 
of the same fold province as the Phillips River 
Meta-volcanics and sediments. 

It remains to determine the nature of the 
rocks which have been granitized and the 
process whereby this change was effected. Were 
the original rocks predominantly a sequence of 
basic lavas and agglomerates comparable with 
the Phillips River Meta-volcanics, or were they 
essentially sedimentary, like the marginal schists 
along the contact in the north-east? Although 
the basic migmatite bands in the gneiss are 
probably the result of lit-par-lit injection and 
granitization in highly schistose amphibolitic 
meta-lavas, it seems likely that the greater part 
of the sequence was meta-sedimentary. It is 
difficult to envisage the preservation of a nar- 
row basic band for over .?-mlle if it is only 
a relict of a once continuous basic succession. 
However, it is just what would be expected if 
narrow bands of basic lavas, which are diffi- 
cult to granitize, are only minor intercala- 
tions in a sedimentary sequence which is rela- 
tively easily converted into a granitic rock. 

The granitization process has been one which 
has left the area enriched in sodium, calcium, 
alumina and silica. Potassium is rare and Is 
usually quite readily held in accessory biotite. 
The whole sequence has first been recrystallized, 
producing typical granular brownish hornblende. 
Much of the quartz is probably merely due to 
recrystallization under the influence of grani- 
tization. as also may be much of the plagio- 
clase. On the introduction of the required solu- 
tions to effect compositional and textural 
changes, the gi'anitic character of the rock, with 
its lamellar-twinned plagioclase, was developed. 

Enrichment of certain rock types in silica is 
obvious from the study of the basic migmatite 
(34257) and hornblendic gneiss (34253, 34254). 
To produce the basic migmatite from a granu- 
lose basic rock quartz merely replaces the horn- 
blende along bands parallel to the foliation. The 


corroded nature of the hornblende and biotite 
in the hornblendic gneiss is largely the result 
of quartz replacement (see Fig. 7). 



FIG. 7. — Sketch showing the granoblastic texture of a 
typically hornblendic gneiss. The hornblende crystals 
are notably corroded by quartz (clear). The other 
colourless mineral present is andesine. Biotite and 
magnetite are accessory minerals. 

Pegmatites 

There are many varieties of pegmatitic rock 
within the area mapped, but they can all be 
broadly subdivided into two groups: 

(i) The dykes wuthin the gneiss. 

(ii) The dykes and sheets within the meta- 
volcanics and meta-sediments. 

(i) — Within the gneisses various pegmatitic 
dykes and sills occur which consist of microcline, 
plagioclase and quartz, often with biotite and, 
more rarely, muscovite. They fill gash frac- 
tures and minor shears within the gneissic com- 
plex as well as sills in the migmatitic bands. 

(ii) — ^Horizontal sheet pegmatites characterise 
the belt of meta-volcanics. They are more 
abundant than the pegmatites in the gneisses. 
They carry black tourmaline and have musco- 
vite- or lepidolite-rich zones (34260). Biotite 
appears to be absent. Quite commonly there 
is a graphic quartz-microcline central zone 
(34261). The typical sheet-like bodies vary from 
a few inches to several feet in thickness. They 
probably fill fractures produced by the release 
of vertically-acting stress. 

Quartz Dolerite Dykes 
(including the Quartz Gahbros and 
Quartz Diorites) 

All the rocks in the area, with the exception 
of recent superficial sediments, are cut by a 
suite of basic dykes which have a general east- 
north-east trend. They vary from small fine- 
grained basaltic dykes a few inches wide to 
intrusions, 1 to 2 chains in width with gab- 
broidal or dioritic centres. 
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Detailed petrographic studies of many of 
these basic dykes throughout the area indicate 
that they may be subdivided mineralogically 
into two broad classes which, although differ- 
ing a little in age are probably co-magma tic. 
The presence of transitional types between the 
two classes has made it impracticable to dif- 
ferentiate between the two types on a geological 
map. However, the characteristics of typical 
examples of both groups are set out below: — 

Class 1. — (i) The pyroxene is a brownish- 
violet, bladed augite which may or may not be 
glomero-porphyritic. 

(ii) The plagioclase is idiomorphic toward the 
pyroxene and forms large crystals sub-ophiti- 
cally included in the augite. 

{in) The coarse-grained core is commonly dio- 
ritic (albitic plagioclase) deuterically altered, 
with hornblende replacing most of the primary 
pyroxene. 

(iv) Multiple intrusions of small, later dykes 
varying from a few inches to a foot in width 
are common. Some of these intrusions are sodic 
differentiates of the principal dyke and often 
lead to epidotization of the adjacent dyke rock 
(34266). Others are mineralogically similar to 
the quartz dolerites of Class 2. 

The type occurrence of this class is the dyke 
exposed in the Phillips River at (353, 20E). 

Class 2. — (i) The pyroxene is a colourless 
augite invariably forming equidimensional crys- 
tals in glomero-porphyritic aggregates. 

(ii) The plagioclase forms only small lath- 
shaped crystals often ophitically included in the 
pyroxene. 

(in) The coarse-gi’ained core is gabbroidal 
(plagioclase is labradorite) in which deuteric 
alteration (especially the conversion of pyroxene 
to hornblende) is only of minor importance. 

(iv) Multiple intrusions, veining and epido- 
tization are absent. 

The type occurrence of this class is the dyke 
exposed in the Phillips River at (403, 40E). In 
several localities, dykes with the features of 
Class 2 have been found cutting dykes typical 
of Class 1. The reverse age relationship has 
nowhere been seen. 

In view of these facts it appears that during 
a period of mild tectonic disturbance the cooled, 
consolidated, complex of folded and granitic 
rocks was intruded by a suite of tholeiitic dykes 
along a set of east-north-east trending frac- 
tures. The earlier members suffered consider- 
able deuteric alteration particularly in the 
coarse-grained, slowly cooled central core. The 
plagioclase became more sodic, even albitic, and 
hornblende with later actinolite and chlorite, 
replaced most of the earlier pyroxene. Prehni- 
tization was also active in this phase. 

A later suite of dykes, although derived from 
the same magma, usually had a slightly differ- 
ent mineralogy with a different variety of 
augite and less well-developed plagioclase. 
Deuteric alteration was much less important 
than in the earlier dykes, so that the coarse- 
grained core remained pyroxene-bearing and 
gabbroidal. 


These basic dykes bear a marked resemblance 
to certain of the basic intrusions in the Stirl- 
ing Ranges and at other localities along the 
south coast (Clarke et al., 1954). Specimen 
25327 from the Stirling Range is a spotted 
glomero-porphyritic, deuterically altered quartz 
diorite very similar to specimen 34265. Many of 
the unaltered augite dolerites have brownish or 
purplish titaniferous pyroxene similar to speci- 
men 34263. It is very likely that many of these 
dykes belong to the same period of volcanism 
and are genetically related. 


Superficial Deposits 

The only sediments in the area which post- 
date the igneous and metamorphic rocks are 
isolated occurrences of ferruginous grit and 
river conglomerate. A well-lithified ferruginous 
grit, in part conglomeratic, forms a well-jointed 
outcrop overlying dolerite for some 2 to 3 chains 
along the creek bed at (45S, 145W). Specimens 
34272 and 34273 are typical examples of this 
occurrence. The dominant constituent is 
rounded quartz, with some microcline, plagio- 
clase. chlorite and muscovite. Specimen 34273 
contains a few grains of granulated quartz, but 
it is mainly unstrained and wuth the microcline 
and plagioclase (andesine), is probably derived 
from the gneiss. This latter specimen is also 
conglomeratic with fragments of an earlier fer- 
ruginous gi’it and some fine-grained metamor- 
phic quartz-plagioclase rock. A similar grit 
occurs as boulders over an area of gneiss at 
(15N. 35E). 

Lithified river conglomerate is well developed 
in the channel of Big Creek. Magnesite, as a 
capping which varies from less than an inch 
to a foot or so in thickness is developed over 
certain basic rocks. 


Review of Metasomatism 

Reference has been made throughout the 
petrology to obvious replacements of one mineral 
by another and to the production of entirely new 
rock types by metasoma tic processes. It is 
impossible to correlate each process and in 
most cases to postulate the source or nature 
of the introduced material. The various pheno- 
mena are mentioned below to indicate the com- 
plexity of the chemical changes of the environ- 
ment of these rocks during the periods of fold- 
ing, metamorphism and subsequent igneous in- 
trusion. No certain chronological order can be 
given to the processes. They are summarily 
discussed in approximate order of importance. 

Granitization. — The development of the gneiss 
was in part a metasomatic process whereby an 
original folded complex was converted in situ 
to a mass of granodioritic composition. Since 
the composition of the assumed sedimentary 
parent rocks is unknown, the precise nature of 
the metasomatizing agents cannot be postulated 
at this stage. 

Production of the Granodiorite Magma. — A 
detailed study of the nature of the hornblende 
in the granodiorite has conclusively shown that 
this rock is not the product of crystallization 
from a rock melt, but is in fact the result of 
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feldspathization and mobilization of older am- 
phibolitic rocks. The process is one which de- 
mands the introduction of sodium and silica, 
with or without calcium and alumina. 

Diovsidization. — A product of calcium metaso- 
matism is seen in the diopside replacement veins 
which cut the amphibolites. Earlier hornblende 
is replaced by diopside. Similar phenomena 
have been i-ecorded recently by Wilson (1953). 
Associated with some of this calcium metaso- 
matism is some steatitization (carbon dioxide 
metasomatism) . 

Cummingtonitization, — ^The replacement of 
hornblende by cummingtonite is a proved 
phenomenon of metasomatism in many rocks. 
Simple late overgrowth cannot explain the re- 
lationship between these two minerals, as illus- 
trated in Figure 2. The metasomatic process 
demands the replacement of the calcium, alu- 
minium and alkalies of the hornblende molecule 
by iron, magnesium and silica. In some cases 
it seems to be a process localized along the con- 
tacts of basic dykes. 

Biotitizatiori (vMh or without the introduction 
of microcline). — ^The complete replacement of 
the laminated hornblendic rock (34236) by a 
biotitic rock has been observed in the field and 
is clearly seen in specimen 34237. Several oc- 
currences of fine-grained biotite, quartz, micro- 
cline-bearing rocks identical with that of speci- 
men 34237 are situated in this same zone of 
crushed rocks, so that this type of metasomatism 
(potash metasomatism) is probably quite sig- 
nificant in these localities. Much of the micro- 
cline of the meta-sedimentary schists may also 
be genetically related to the solutions which 
gave rise to this biotitization. 

Although all this potash metasomatism is 
marginal to the gneiss, it does not seem to be 
genetically related to the granitization which 
Have rise to the gneiss. The gneiss is deficient 
in potash minerals. The solutions which pro- 
duced the metasomatism probably found the 
schists, marginal to the gneiss, the easiest chan- 
nelw'ays and hence their effects are localized 
there. 

Throughout the meta-volcanics, reverse-zoned 
plagioclase, zoned hornblende, epidotization, 
prehnitization and localized chloritization are 
but further evidence of the constantly changing 
chemical environment of the rocks discussed. 

Petrological Correlation with the Rocks of the 
Ravensthorpe-Kundip Area 

As mentioned in the introduction of this 
paper, one of the objects in carrying out the 
petrological investigation described above was 
to yield information concerning the relations 
and origin of the rocks of the Ravensthorpe- 
Kundip area which were mapped by Woodward 
nearly fifty years ago and petrographically de- 
scribed by Simpson and Glauert (Woodward 
et at, 1909). Woodward in this early w'ork sub- 
divided the rocks of the district into: 

Granite Series. — The intrusive granitic rocks 
which occupy the central and southern portion 
of the Ravensthorpe area. 


Ravensthorpe Series. — The banded iron forma- 
tion of the Ravensthorpe Range and the inter- 
bedded basic and ultra-basic schists. 

GreeTistone Series. — The amphibolites which 
occur north-west of the Ravensthorpe townsite 
and which extend south-west to just south of 
Cocan ar up. 

Kundip Series. — ^The gently-dipping quartzites, 
&c., which lie unconformably on the above 
series. 

Of these rocks only the ‘‘Granite Series’* and 
the “Greenstone Series’* are represented in the 
area mapped during this investigation. The 
“Granite Series” is equivalent to the granodio- 
rite of this report. The earlier writers cor- 
rectly recognised the intrusive nature of this 
granitic body, and also its sodic character. They 
also correctly interpreted the amphibolite dykes 
as basic intinisions. However, the “Greenstone 
Series” was regarded as “a magmatic intrusion 
from which off-shoots have penetrated and 
shattered the granite” (Woodw^ard et at, 1909, 
p. 15). Sufficient evidence has been given above 
in the discussion of the Phillips River Meta- 
volcanics (to which these Greenstones are ap- 
parently equivalent) to indicate beyond all doubt 
that the series, as exposed in the Phillips River, 
is a metamorphosed volcanic pile, consisting 
largely of basic extrusive rocks. There is no 
evidence from the westward extension of this 
type section to indicate that the nature of the 
parent rocks has mai’kedly changed, although 
their metamorphosed state may show^ minor 
differences. Thus, the amphibolite dykes are 
not off-shoots of some immense body of basic 
magma represented by the main amphibolite 
belt, but actually later dykes which cut both 
granodiorite and meta-volcanics which foi*m 
this belt. 

The “soda-granite” of the 1909 report is the 
granodiorite of this paper. The “kersantites” 
and “camptonites” of Glauert and Simpson 
(Woodw'ard et at, 1909) are no more than the 
recrystallized lavas and hypabyssals of the vol- 
canic succession. They contain the same relict 
plagioclase phenocrysts, granular mosaic of 
plagioclase, blue-green hornblende and colour- 
less cummingtonite (often as overgrowths on 
the hornblende). One thing that should be 
borne in mind, how’ever, is that although such 
assumptions as the preservation of the original 
fine grain-size of the meta-volcanics, used in the 
interpretation of the complex assemblage of 
coarse-grained and fine-gi'ained amphibolites 
are quite valid in the type area of the Phillips 
River Meta-volcanics, they may not hold 
throughout the whole greenstone sequence. 

It is interesting to note that these early in- 
vestigations petrologically subdivided the east to 
west or east-north-east-trending quartz dolerite 
dykes into tw^o varieties. One of these w^as the 
“Quartz Diorites”, the other the “Enstatite Dia- 
bases”. These are respectively the Class 1 and 
Class 2 types of tholeiitic intrusions. However, 
although both types form equally large dykes, 
the earlier investigators only mapped the 
“Quartz Diorites”. This may have been due 
to their failure to differentiate in the field the 
“Enstatite Diabases” from the “Quartz Diorites”. 
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It is certainly due in part to the fact that many 
large intrusions of the former type were not 
recognized in the field. One such dyke, how- 
ever, occurs in Cattlin Creek on M.H.L. 167 
(31077-31088). 


Regional Metamorphism 

The original sequence of sediments and vol- 
canics has been strongly folded and subjected 
to granitization to the north-west and to in- 
trusion by granodiorite in the south-east dur- 
ing which a certain grade of metamorphism has 
been imprinted on the deformed rocks. Each of 
the above three processes has probably been 
effective to some extent in altering the mineral 
assemblages of the rocks. It is therefore not 
surprising to find it a difficult problem to in- 
terpret the metamorphic facies to which these 
rocks belong. 

In particular, one feature which adds fur- 
ther difficulty to the problem is that most of 
the critical mineral assemblages which define 
the various metamorphic facies and sub-facies 
(Turner and Verhoogen. 1951. p. 434), are I’e- 
stricted to meta-sediments rich in alumina and 
silica. As is evident from the foregoing pet- 
rology. such rocks are rare in the area under 
consideration, and are restricted to a narrow 
band adjacent to the gneiss. Within the one 
'mile wide band of meta-volcanics few such 
^‘metamorphic indicators” are present. 

A further hindrance to the deciphering of the 
metamorphic facies within the area is the fre- 
quent evidence of lack of equilibrium wuthin in- 
dividual specimens. Metamorphic mineral as- 
semblages are usually at equilibrium, but here, 
due either to the imprint of several unsustained 
metamorphic epochs or to metasomatism, zon- 
ing, partial replacement and other evidence of 
disequilibrium are abundant. The granular 
metamorphic plagioclase is commonly zoned. 
The hornblende of many of the amphibolites 
is not only zoned but partially replaced by cum- 
mingtonite. Biotitization, diopsidization and 
many lower temperature metasomatic pheno- 
mena are frequently developed. 

Yet another important question must be fully 
understood before the regional metamoi’phisni 
can be interpreted. That Is, whether the gneiss 
and its adjacent meta-sediments are part of the 
same tectonic province as the Phillips River 
Meta-volcanics. This question wull be considered 
again in the discussion of the geological his- 
tory, but it might be mentioned here that there 
is strong evidence to suggest that the gneiss and 
its marginal rocks have not developed their 
structural, mineralogical and textural feature 
in their present position adjacent to the meta- 
volcanics and associated rocks. 

(\)— Evidence of Grade of Metamorphism 
from the Meta-Sedimentary Rocks.-^t para- 
mount importance are the sillimanite-bearing 
schists which occur at various localities mar- 
ginal to the gneiss. Their restricted distribu- 
tion is due partly to the fact that schists of the 
required chemical composition are only present 
in this zone, the one exceptional occun’ence be- 
ing the aluminous schists represented by speci- 
men 34184 (meta -sedimentary Group 4). This 


aluminous rock, occurring half-a-mile from the 
gneiss at (40N, IlOE), should contain silliman- 
ite if the metamorphic conditions were favour- 
able, Instead, staurolite and andalusite are 
present. It is likely, therefore that the silliman- 
ite zone is in fact restricted to the region im- 
mediately adjacent to the gneiss. 

A detailed examination of the meta-sediment- 
ary schists at (SON, 85E) indicates that al- 
though sillimanite-bearing schists are present, 
the problem is confused by the occurrence of 
interbedded schists containing relict chlorite 
<34176, 34177) and “anti-stress” cordierite-rich 
rocks. 

The small lenses of meta -sediment inter- 
bedded with the meta-volcanics generally have 
a mineral assemblage w'hich is not diagnostic of 
any pai'ticular metamorphic sub-facies. They 
consist of plagioclase, biotite and hornblende, 
with or without garnet. The latter mineral is 
often rich in calcium and probably contains 
considerable amounts of manganese. As such, 
it is of little use as a zone-mineral. The one 
occurrence of a diagnostic zone-mineral in the 
volcanics is the staurolite of the previously- 
mentioned locality (34184 1 . At least here the 
Phillips River Meta-volcanics have suffered 
metamorphiSin only slightly less intense than 
that of the sillimanite grade. 

(ii) — Evidence of Grade of Metamorphism 
from the Amphibolitic Rocks. — In view of the 
fact that critical meta-sedimentai*y mineral as- 
semblages are insufficiently numerous through- 
out the meta-volcanic rocks to indicate the 
grade of metamorphism of this important suc- 
cession throughout its extensive development, it 
is essential to consider other means of assessing 
it. This is particularly the case since the 
known grade of metamorphism in the schists 
adjacent to the gneiss may have no relation to 
that developed in these rocks, i.e., if they are of 
a different province. Some definite information, 
obtained directly from the mineral assemblages 
of the amphibolites themselves would be invalu- 
able. Unfortunately, the assemblage hornblende- 
plagioclase can exist with only minor modifica- 
tions from the low^est garnet grade to the high- 
est sillimanite grade. These minor modifica- 
tions ai’e changes in the type of plagioclase 
and hornblende which are stable under differ- 
ent conditions. 

In the amphibolitic rocks of the Phillips River 
Meta-volcanics the plagioclase is zoned and 
thus not a member of a system in equili- 
brium, but it is commonly an andesine [and 
in several instances is even a bytownite or anor- 
thite (34224, 34236)]. The plagioclase, there- 
fore, indicates that the grade of metamorphism 
of the meta-volcanic sequence as a whole is at 
least garnet grade, their lowest possible meta- 
morphic sub-facies being the chloritoid-alman- 
dine sub-facies (Turner and Verhoogen, 1951, 
p. 461). 

Wiseman (1934) noted a change in the refrac- 
tive index of the hornblende of a suite of meta- 
morphosed basic dykes with progressive meta- 
morphism. He related this change to a change 
in the chemical composition of the amphibole 
consequent on a rise in the isotherms during 
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regional metamorphism. However, it is possible 
to interpret this change in the chemical com- 
position to chemical changes in the environ- 
ment which were due only indirectly to rising 
temperatures. 

In view of the complexity of the hornblende 
structure which is capable of so much isomor- 
phous substitution, it is highly unlikely that any 
systematic temperature-controlled variation will 
be found, particularly when it has developed 
in an environment which has suffered numer- 
ous periods of varied metasomatism each indi- 
cative of chemical change in the environment. 
The only important change in the nature of 
the hornblende is the recorded change in 
colour and form near, and in the gneiss. Here, 
the brownish, granulose amphibole is quite dif- 
ferent from the blue-green prismatic variety in 
the meta-lavas. Whether this change is due to 
progressive metamorphism as the gneissic com- 
plex is approached, or whether it is due merely 
to the proximity of a granitization front is not 
known. Indeed, these rocks, i.e. the gneiss and 
the adjacent schists, with their peculiar hoim- 
blende may be characteristic of a much deeper 
environment than the adjoining meta-volcanics. 
This suggests that their present relationship 
has been brought about by faulting. 


Geological History 

From our present knowledge it is impossible 
to set out precisely the sequence of events 
which have produced this complex. In certain 
cases the inter-relationship of two rock types is 
not clear within the area mapped. Such cases 
will be pointed out. 

The oldest rocks in the area are the meta- 
sedimentai-y schists which are overlain by the 
Phillips River Meta-volcanics. All available evi- 
dence suggests that the original superposition is 
preserved. The original succession was strongly 
folded and metamorphosed, the fold pattern 
being modified by the development of a zone 
of attenuation and shear marginal to the meta- 
volcanics. 

It seems quite certain that all the remain- 
ing rock types post-date this period of de- 
formation. The granodiorite is clearly intrusive 
into the folded volcanics and contains xeno- 
liths which are highly contoi'ted. Within such 
xenoliths is seen the coarse-grained hypabyssal 
phase of the meta-lavas, a fact which, with the 
occurrence of veins of granodiorite in this 
coarse rock, is definite evidence of the presence 
of pre-granodiorite coarse amphibolitic intru- 
sives (see Fig. 8i. 

The gneiss is likewise clearly younger than 
the adjacent schists, for it occurs as lit-par~Ut 
injections parallel to the foliation, forming basic 
migmatites in the amphibolitic schists. These 
migmatites also indicate that the main move- 
ment on the zone of shear, be it large or small, 
was pre-gneiss for it produced these amphibo- 
lite schists from more massive lavas. 



Approximate Scale 

FIG. 8. — A diagrammatic sketch showing the relation 
between several of the chief rock types of the area, 
as exposed in a cliff in Manyatup Creek at (SOS, 153E). 
The sketch is drawn in part from photographs. Highly 
contorted xenoliths of the Phillips River Meta-vol- 
canics (1), contain the coarse hypabyssal phase of the 
lavas in the form of irregular pods (2). They are not 
chilled against the host rock. The xenoliths are con- 
tained In the flow-banded granodiorite (3) which Itself 
is cut by a dyke of coarse amphibolite (4) exhibiting 
chilled margins against the country rock. A thin 
quartz dolerite dyke (5), well jointed and chilled 
against all of the preceding rock types is also shown. 

The relationship betw^een the granodiorite 
and the gneiss is not so easy to interpret. 
Theoretically, the gneiss with its granular, com- 
pletely recrystallized brown-green hornblende, 
its marginal migmatites and aureole of silli- 
manite grade metamorphism, is an obvious pro- 
duct of granitization in situ and should be a 
much older and much deeper plutonic mass 
than the magmatic granodiorite. This latter 
pluton has well-developed flow stmetures, xeno- 
liths and contains ragged, blue-green horn- 
blende. The former is equivalent to a deep 
“autochthonous granite" which precedes the em- 
placement of a high level “parantochthonous 
granite" (Read, 1951). However, within the 
granodiorite and the Phillips River Meta-vol- 
canics are numerous “younger amphibolite 
dykes", but although many square miles of 
gneiss have been examined, no evidence of their 
presence in this rock has been found. Surely 
a basic dyke swarm such as is indicated by the 
original mapping of the Geological Survey near 
Ravensthorpe (Woodward et aL, 1909. Geological 
Map of Ravensthorpe Centre) would have some 
counterpart in the gneiss if it was in its pre- 
sent position adjacent to the meta-volcanics and 
within a mile or so of the granodiorite at the 
time when these rocks suffered this injection of 
basic magma as there is no great difference in 
competency between the gneiss and the grano- 
diorite. It Is difficult to reach any conclusion 
other than that the gneiss did not occupy its 
present position at this time. 
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Two explanations of this problem are sug- 
gested : 

(i) the gneiss was not formed by the grani- 
tization of the pre-existing meta-sediments 
until after the basic dyke injections, i.e., not 
until long after the main orogeny and later 
than the granodiorite, or 

(ii) the gneiss and its adjacent migmatites 
were formed elsewhere at greater depth and 
were faulted into their present position adjacent 
to the Phillips River Meta-volcanics and the 
nearby granodiorite after the “younger amphi- 
bolite dykes” had been emplaced. 

With regard to the first of these hypotheses 
it is difficult to imagine a granitization front 
advancing from the north-west and giving rise 
to the gneissic complex after all the major tec- 
tonic disturbances had ceased. Yet if the second 
hypothesis be disproved it would appear to be 
the only logical explanation. So far as the 
second hypothesis is concerned there is no posi- 
tive evidence of the required post-granitization 
fault, but this may be due to the poor outcrops 
in the critical zone along the margin of the 
gneiss. Such crushed and laminated rocks as 
have been described are due to rock failure at 
very high temperatures, and the schistosity 
which shearing has imparted to the adjacent 
lavas has been shown to be pre-gneiss. (The 
gneiss forms Ut-var-lit injections parallel to the 
schistosity.) Tlius this faulting probably belongs 
to the original period of orogenic folding. It 
remains to be shown if all the faulting along 
this zone is pre-gneiss or if some later movement 
has been localized along the same line of weak- 
ness. 


Insufficient work has been done in the Phil- 
lips River Goldfield to determine the relations, 
genetic and tectonic, between these rocks and 
the gneisses and schists of the South Coast Pro- 
vince (Prider, 1952, p. 144) and the greenstones 
of the Yilgarn and Kalgoorlie-Norseman areas. 
The latter areas, although in many ways pet- 
rologically similar, have very characteristic 
north-north-west to south-south-east fold axes 
which differ somewhat from the east-south-east 
plunge of the folding in the area discussed in 
this paper. Nevertheless this trend is more 
reasonably related to that of the other Gold- 
fields than to the north-east to east-north-east 
trend of the b-lineation in the rocks be- 
tween Hopetoun and Esperance (Wilson, 1952, 
p. 223). Much more detailed structural in- 
formation must be collected before tectonic 
trends can be accurately co-ordinated, not on 
strike, but on the attitude of the fold axes which 
is given by the b-lineations. 


Acknowledgment 

This investigation was carried out during the 
tenure of a Ilackett Research Scholarship from 
the University of Western Australia. I wish to 
express my thanks to Professor R. T. Prider and 
Mr. A. P. Wilson of the Department of Geology 
for guidance and assistance during the field and 
laboratory work. I also wish to thank Mr. I. 
M. Threadgold for help during the field mapping 
and Mr. P. L. Billing for assistance with the 
preparation of the figures. 


References 


Although this faulting hypothesis is a possible 
explanation that can be tested only by fur- 
ther detailed field mapping, it cannot be said 
that the gneissic complex is completely distinct 
from the Phillips River Meta-volcanics. The 
folding in both has the same b-lineation. It 
would be coincidence indeed if two tectonically 
unrelated provinces should have the same struc- 
tural axes of folding. Still, both gneiss and 
meta-volcanics could be distant parts of the 
same fold province. It should be noted that 
the migmatites, silllmanite grade schists and 
high temperature sheared rocks would all be 
portion of the gneissic sub-province, the re- 
quired faulting being to the south-west of this 
band. 

The porphyritic dacite dykes, which cut the 
post-granodiorite amphibolite intrusions are 
probably a differentiate from the same magma 
that yielded the amphibolite Intrusions. 

The pegmatite sheets in the volcanics are pre- 
sumably very late emplacements being younger 
than all the crystalline rocks except the quartz 
dolerites. These youngest basic intrusives are 
the result of the injection of tholeiitic magma 
into east-north-east-trending fractures. The 
only younger rocks are recent superficial de- 
posits of fluviatile sediments. 

There is no member of the Kundip Series in 
the area mapped. Where they do occur further 
to the south-east they lie unconformably on the 
granodiorite and folded rocks. Their relation 
to the quartz dolerites has not been observed. 


Clarke, E. de C., Philllpps, H. T., and Prider, R. T. 
(1954). — The Pre-Cambrian Geology of Part of the 
South Coast of Western Australia. J. roy. Soc. 
W. Aust. 38- 1-64. 

Hatch. F. H., Wells, A. K., and Wells, M. K. (1949).— 
“The Petrology of the Igneous Rocks.” (Murby: 
London.) 

Hutton, C. O. (1940). — ^Metamorphism in the Lake 
Wakatipu ^glon, North-west Otago. Mem. N.Z. 
Dept. Sci. Ind. Res., No. 5. 

Kennedy, W. Q. (1949). — Zones of Progressive Meta- 
morphism in the Moine Schists of the Western 
Highlands of Scotland. GeoL Mag. 86: 43-56. 
Prider. R. T. (1952).— “South-west Yilgamla.” Sir 
Douglas Mawson Anniversary Volume, pp. 143- 
155. (University of Adelaide: Adelaide.) 

Read, H. H. (1951). — Metamorphism and Granitization. 
Proc. geol. Soc. S. Afr„ Aimexure to vol. 54, Alex. 
L. du Tolt Memorial Lecture No. 2. 

Sander, B. (1930). — “Gefiigekunde der Gesteine.” 

(Springer; Berlin.) 

Turner, F. J. (1941). — The Development of Pseudo- 
stratification by Metamorphic Differentiation in 
the Schists of Otago, New Zealand. Amer. J. Sci. 
239: 1-16. 


Turner, P. S.. and Verhoogen, J. (1951).— “Igneous and 
Metamorphic Petrology.” (McGraw-Hill: New 
York.) 

Wilson. A. F. (1952). — “The Chamockite Problem in 
Australia.” Sir Douglas Mawson Anniversary 
Volume, pp. 203-224. (University of Adelaide: 
Adelaide.) 

Wilson, A. F. (1953). — Dlopsldization and Hornblendiza- 
tlon — Important Metasomatlc Phenomena In the 
Basic Schists near Southern Cross. Western Aus- 
tralia. J. roy. Soc. W. Aust. 37: 97-102. 

Wiseman, J. D. H. (1934).— The Central and South-west 
Hlgh^and^Epidlorltes. Quart. J. geol. Soc. Lond. 


woodwa^ H. p Simpson, E. S., and Glauert. L. 
(1909).— Geological Report upon the Gold and 
Copper Deposits of the Phillips River Goldfield 
Bull. geol. Surv. W. Aust. No. 35. 


17 


2. — Sellaite from near Patterson Range : A New Occurrence 

By M. J. Frost 

Manuscript accepted — 15th February, 1954 


The discovery of sellaite (magnesium fluoride) in 

Western Australia is recorded. Its properties and 

occurrence with fluorite of octahedral habit in 
veins in gneiss are described. 

A sample of fluorite, sent to the Government 
Chemical Laboratories by Mr. J. Stuart of Na- 
pier Downs for determination, was found to con- 
tain small Quantities of the rare mineral sellaite 
(magnesium fluoride). This is the first re- 
corded occurrence of the mineral in Western 
Australia. 

The sellaite occurs in the fluorite as highly 
irregular veins with a maximum width of about 
a centimetre. Both minerals are coarsely crys- 
tallized, the sellaite having a maximum grain 
diameter of about 0.5cm., the fluorite of several 
centimetres. The fluorite is said to come from 
a locality ‘TO miles north of the trig, station 
on Paterson’s Range.” The trig, station re- 
ferred to is probably that at 17’’ 03'S„ 124® 
38'E. Of the field occurrence it is said “The 
deposit is about 20 ft. long and at its widest one 
foot. It is in a belt of gneiss and schist running 
along the top of a granite range. The gullies 
of either side of the range carry tin and a 
little scheelite.” 

The sellaite is white to colourless, with occa- 
sionally a purplish tinge, and has two fair cleav- 
ages at 90® parallel to the vertical axis. Under 
shortwave ultra-violet light it shows very patchy 
pale yellow and pink fluorescence and after ir- 
radiation for one minute shows a general pale 
green phosphorescence lasting up to 15 seconds. 
Under longwave ultra-violet light it shows a 
bright even blue fluorescence with a few pinkish 
spots and a phosphorescence similar to that 
caused by the shortwave light. Bright thermo- 
luminescence starts between 400°C. and 500®C. 
and is followed by violent decrepitation. The 
density of two fragments was 3.158± 0.005 

g./cc. and 3.147± 0.005 g./cc. respectively and 
the hardness 5. It is soluble in hot concen- 
trated sulphuric acid with the evolution of 
hydrofluoric acid. The mineral is uniaxial posi- 
tive with no = 1.378± 0.001 and ne = 1.389 
± 0 . 001 . 

Minerals associated with the sellaite include 
the following: — 

Fluorite, the main mineral of the vein, is 
mostly green, but white, colourless, purple and 
limonite-stained portions are present. Its op- 
tical and physical properties are those usual for 


fluorite. The crystal habit, where developed, is 
that of the distorted octahedron which probably 
indicates crystallization at a higher temperature 
than that of the more common cubic habit 
(Drugman, 1932). Fluorescence and phos- 
phorescence are almost identical with those of 
the sellaite. Thermoluminescence is probably 
a little brighter, starting at a slightly lower 
temperature, and decrepitation a little more 
violent. 

Chlorite, occurs only on the extreme edges of 
the vein and probably belongs to the country 
rock rather than the vein. It is pale green in 
colour, uniaxial positive or biaxial with a very 
small optic axial angle and has an intermediate 
refractive index of 1.607=b 0.003. 

Muscovite, occurs only with the chlorite. It 
is biaxial negative with an optic axial angle of 
about 30® and an intermediate refractive in- 
dex of l.eoOdr 0.003. 

Quartz; small masses of prismatic crystals 
were included in the sample. Since these were 
associated with the chlorite-muscovite as- 
semblage it may be assumed that these also 
came from the margin of the vein. 

Hematite, occurs associated with the quartz as 
small masses showing external crystal form. 

An effort was made to obtain further speci- 
mens but a second sample from the same local- 
ity contained only traces of the sellaite. It may 
therefore be assumed that the distribution of 
the sellaite in the vein is patchy. 

A sample of white fluorite from a locality de- 
scribed as “nearby” is of interest in that it con- 
tains no sellaite, and in that the fluorite of this 
sample shows very little phosphorescence. This 
deposit is said to be “30 ft. long and 2 ft. 6 in. 
wide and in slate near a dolerite hill”. 


Reference 

Drugman, J. (1932). — Different Habits of Fluorite 
Crystals. Miner, Mag., 23: 137-144. 


*Work carried out at the Government Chemical Labora- 
tory, Adelaide Terrace, Perth and published by per- 
mission of the Director. 
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3. — The Plantagenet Beds of Western Australia 

By E. de C. Clarke* and H. Tarlton Phillipps 

(Department of Geology/, University of Western Australia) 
Manuscript accepted — 15th February, 1954 


The Plantagenet Beds are horizontal sediments of 
(?) Miocene age lying on the Pre-Cambrian rocks 
over an area of at least 14,000 sq. miles along the 
South Coast of Western Australia. They are com- 
monly about 100 feet thick (max. 300 feet), and the 
most characteristic formation is spongolite but 
thin beds of shale and brown coal are known 
from some localities. 


Introduction 

During the last hundred years, several writers 
have mentioned the horizontally bedded sands 
and clays, seldom apparently as much as 300 
feet in total thickness, which overlie the Pre- 
Cambrian rocks in various places from Albany 
to Norseman, 300 miles away to the north-east, 
and along the south coast for 350 miles. Jut- 
son and Simpson (1917) named these undis- 
turbed beds, occurring near Albany, “Plan- 
tagenet Beds.” “in view of their wide distribu- 
tion throughout the Plantagenet district”, and 
this name has been universally adopted. 

J. W. Gregory (1916) considered that the age 
of the Plantagenet Beds near Norseman was 
fvliocene. This finding was corroborated by 
Crespin (Clarke, Teichert. and McWhae, 1948, 
p. 100). Chapman and Crespin (1934) came to 
the same conclusion regarding the beds at Al- 
bany and Cape Riche. Fossils from other Plan- 
tagenet outcrops, as far as they have been 
authoritatively determined, confirm these find- 
ings. 

This paper is an attempt to summarize the 
field and other records of previous observers, 
and to combine them with notes which we 
made at various times during the past 25 years. 
The main object of our visits was the broad 
study of the Pre-Cambrian rocks, a project for 
which financial assistance was given by the 
Commonwealth Research Grant. Our notes on 
the Plantagenet Beds were therefore rather hur- 
ried and casual, but they seem to us to be 
worth recording, particularly because they will 
indicate where further detailed work might be 
done most profitably — and for this reason, we 
give rather full descriptions of some occurrences. 
The localities where Plantagenet Beds are 
known are shown in Plate I and we are in- 
debted to the Chief Draftsman of the Lands & 
Surveys Department for the drafting of this 
map. 


•“Present Address: C/o. Walter Scott, Esq., Te Awamutu, 
New Zealand. 


General character of the Plantagenet Beds 

The Plantagenet Beds are a horizontal series 
of conglomerates, sandstones, and clays over- 
lain by the very characteristic and widely dis- 
tributed “spongolite” (a sandy or silty rock 
containing abundant sponge spicules, and oc- 
casional enthe sponges) in which, here and 
there, are lenses of limestone. We have not seen 
any faulting in them apart from displacements 
of the order of an inch. They lie on a rather 
Irregular basement of Pre-Cambrian rocks, 
many hummocks and peaks of which project 
above them. Those peaks of Pre-Cambrian rock 
which rise to heights of 700 feet or more above 
the plains may well have been islands in the 
Miocene sea. 

The greatest observed thickness of the 
Plantagenet Beds is about 300 feet. 


Early records of the Plantagenet Beds 

Towards the end of 1848 J. S. Roe, Surveyor- 
General of the colony, led an exploring expedi- 
tion from Cape Riche (ca. 118''45' E.) zc JVit. 
Ragged (ca. 123“ 30' E.). His course, at first, 
was north-easterly, nearly to the Bremer 
Range (which he named) about 80 miles north 
of the coast, thence generally E.S.E. to Mt. 
Ragged (named, but not visited, a few years 
before by Eyre) which is about 30 miles north 
of the coast. He returned in a general westerly 
direction to Cape Riche, arriving there early in 
January, 1849. 

He wrote that most of the country was densely 
covered with scrub and “was desolate and 
cheerless in the extreme”, with but few scat- 
tered “friendly granite hills . . . which disturbed 
the uniformity of the horizon like so many 
bare rocky islands rising abraptly out of the 
sea”. On the outward journey he recorded two 
separate occurrences of “sandstone”, and on the 
homeward journey, saw many more. He ob- 
served that the land near the coast, where 
composed of this sandstone, “had all the flat- 
topped appearance” that characterized its oc- 
currence inland. 

Later in 1849 F. Helpman and A. C. Gregory 
further examined the “coal” which Roe had 
found in the Fitzgerald River, but neither they 
nor F. von Sommer appear to have added to 
the information supplied by Roe. 
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Individual Occurrences 

Beginning at Albany and places north of it, 
we shall describe all known occurrences in suc- 
cession, travelling eastwards. 

In the Albany district Jutson and Simpson 
(1917, p. 48-50) describe the Plantagenet Beds 
as horizontal strata of “silt at times cemented 
into a fine-grained sandstone”, but generally 
only slightly coherent. “Siliceous sponges are 
especially abundant throughout these beds, 
many complete skeletons of lithistids being ob- 
tainable, whilst isolated spicules of the same 
and of tetractinellids form an important pro- 
portion of the whole rock. In addition, gaste- 
ropods, cephalopods, lamellibranchs, and echi- 
noids are found . . Two analyses of the white 
and yellow sandstones (from Cape Riche) are 
given and the writers note that the beds are 
characterized by their uniform fine grain, small 
content of kaolin, almost total absence of cal- 
cium or magnesium carbonate, and preponder- 
ance of silica, of which a very large part is in 
the form of sponge spicules. They conclude 
from palaeontological evidence that the beds are 
Miocene in age, and that “other fossiliferous 
rocks of comparatively late age in the southern 
portion of this State (i.e. those of Lake Cowan*) 
may ultimately be correlated with the Plan- 
tagenet Series”. 

The Miocene age of the Plantagenet Beds 
near Albany was later confirmed by Chapman 
and Crespin (1934). 

No one has recorded any contact of these beds 
with older rocks in the Albany district, or re- 
cognized them any farther to the west. 

Ml’. A. M. Hutchinson, Under Secretary, 
Water Supply Department, has kindly supplied 
us with the logs of bores put down in search 
of water in the plain, which lies to the north 
of Mt. Manypeak. These show that the plain 
is underlain by “sandstone” to depths varying 
from 65 to 300 feet. There is no record of 
fossils, but we noted fossiliferous Plantagenet 
Beds on Location 1874, about six miles north- 
west of Mt. Manypeak. 

South and east of the Stirling Range, be- 
tween the Kalgan and Pallinup rivers. Dr. Ro- 
bert Smitht describes the Plantagenet Beds as 
no more than 300 feet thick and lying on a floor 
of pre-Cambrian rocks. Spongolite is the 
dominant constituent, but Dr. Smith considers 
that the salinas and “Yate flats” (swampy 
ground a few feet below the general level) which 
are frequent on the plain, have possibly been 
formed by the solution of calcareous beds. 

This plain continues westward, abutting 
against the south side of the Stirling Range and 
extending down to the foot of the Porongorups 
and beyond. Spongolite crops out in several 
places and Blatchford (1927) states that Plan- 
tagenet Beds have been proved to extend to 10 
miles north of Cranbrook. 

Mr. G. H. Burvill, Commissioner of Soil Con- 
servation, kindly allows us to quote from a MS. 
catalogue of rock specimens, collected by officers 


*See under Norseman in this paper. 

(Regional Officer, Division of Soils, C.S.I.R.O., in an 
unpublished report, from which he permits us to 
quote. 


of the W.A. Dept, of Agriculture, from country 
north of the Stirling Range and south of the 
branch railway from Tambellup to Ongerup. 
The catalogue includes several specimens of fer- 
ruginous grit, but more significant are an 
“argillaceous sandstone with sponge spicules” 
from about 17 miles south-west of Gnowangerup 
(Loc. 2571), and a sandy shale with a few 
sponge spicules from about 18 miles south of 
Borden (Loc. 3933). Blatchford (1930) states 
that the “Miocene Beds” have been found at 
Tambellup and Ongerup. 

The country from Cheyne Beach inland for 
about 10 miles is composed “mostly of fine- 
grained horizontally bedded fossiliferous sand- 
stones — the Plantagenet Beds” (Blatchford, 
1927). 

Chapman and Crespin (1934, p. 126) identi- 
fied six species from the sandstone quarried 
near Warriup Homestead, in the vicinity of 
which we noted some small crater-like depres- 
sions, perhaps due to the former presence of 
limestone lenses which have been removed by 
solution. 

On the highest part of the ridge overlooking 
Warriup Creek, about two miles east of the 
homestead, the old track to Cape Riche passes 
over horizontally bedded red and green clays 
which, by aneroid, are about 150 feet higher 
than the fossiliferous sandstones at the home- 
stead. This is the only exposure which we 
found of beds apparently overlying the fossili- 
ferous sandstone or spongolite phase of the 
Plantagenet Beds of which we saw scattered 
boulders as we descended into the valley of War- 
riup Creek. 

The shallow quarries which yielded the 
building stone for the homestead at Cape Riche 
are in “coherent sandstone belonging to this 
series” (Jutson and Simpson, 1917) from which 
about 18 species have been identified (Chap- 
man and Crespin, 1934), 

On the left bank of the Eyre River, which 
enters the sea near the Cape Riche homestead, 
about a mile above its mouth, is a low cliff of 
fossiliferous sandstone, the upper part of which 
is spongolite: the lower part, nearly at sea-level, 
contains gastropod and pelecypod fossils. This 
locality might repay examination. 

On April 16, 1849, A. C. Gregory rode up the 
Pallinup River, from its mouth, for about 10 
miles. He noted that the banks of the river were 
of horizontal red sandstones and containing im- 
pressions of “corals and shells”. 

The track from Cape Riche to Chillilup, 
which is beside the Pallinup River about 15 miles 
from its mouth, lies over a plain about 350 feet 
above the sea. From this plain, which has a 
thin covering of Plantagenet Beds, we saw a 
considerable area on the far side of the lower 
Pallinup valley, which seemed to consist of the 
flat-topped hills and ridges characteristic of 
Plantagenet country. 

The sandy beach at the south-west end of 
Dillon Bay abuts against the Pre-Cambrian rocks 
of Cape Knob. The last half-mile of the beach 
is backed by a cliff, about 60 feet high, the lower 
part of which is, nearly everywhere, obscured 
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by blocks of Coastal Limestone which have 
slipped from above, but. just before the “old 
rocks” are reached, the whole section is ex- 
posed to beach level (Fig. 1). 



FIG 1. — Clays and sands underlying Coastal Limestone 
at Dillon Bay. 


The beds, from above downwards, are: — 

“Coastal Limestone” about 30 ft. 

Yellow sand 8 ft. 

Fine gravel 2 ft. 

Mottled red and green sandy clay 5 ft. 

White clayey sandstone, fossiliferous, 1 ft. 6 in. 

Clay 6 in. 

White clayey sandstone, fossiliferous, 1 ft. 6 in. 
Yellow incoherent sandstone 3 ft. 

Beach 

The age of the lower beds is not known for 
their fossils have not been thoroughly examined. 
A rather irregular surface seems to separate 
them from the Coastal Limestone (generally re- 
garded as Pleistocene ) and we suggest that these 
lower beds may be correlated with those, men- 
tioned later, which occur at or below sea-level 
at Duke of Orleans Bay. 

Jutson and Simpson (1917, p. 50) note that 
a specimen of Aturia austroXis McCoy w'as de- 
termined “by L. Glauert in undoubted spicular 
silt of the Plantagenet Series from the Bremer 
River” w’hich runs into Bremer Bay. 

Fossiliferous horizontally bedded sandstones 
and clays form the steep right bank of the 
Gairdner River about half a mile south of 
Quaalup Homestead, and also a cliff about 80 ft. 
high on the left bank, about three-quarters of 



FIG. 2. — Cliff of Plantagenet Beds at Marlamerup Crossing, Gairdner River. 
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a mile north-east of the homestead. Fossils oc- 
cur at various heights in the cliff, but are most 
abundant at a horizon which is level with the 
bank from which we collected south of the 
homestead. Here, as elsewhere near Quaalup, 
secondaiw silicification and removal of the car- 
bonate make it difficult to get good specimens. 
Miss Irene Crespin has identified Cellepora 
coronopus from among the bryozoa, which are 
the most abundant fossils. She also notes the 
presence of a club-shaped cidaroid spine like 
one described by Chapman and Cudmore (1934, 
p. 142). A single specimen of a nautiloid was 
found by Dr. Curt Teicliert to be “fairly close 
to the Victorian Nautilus balcombensis Chap- 
man or Nautilus geelongensis/' 

At Marlamerup Crossing on the Gairdner 
River, about eight miles west-north-west of 
Quaalup and 13 miles from the mouth of the 
river, the right bank is composed of horizontal 
beds which form a cliff about 100 feet high. 
The lowest bed is a poorly consolidated con- 
glomerate consisting almost entirely of sub- 
angular quartz pebbles. Above this are clayey 
beds with obscure remains — perhaps of bryozoa 
and calcareous algae. This occurrence should 
be more closely examined. 

Similar rocks form bluffs on the left bank 
seven and 11 miles up the river from Mar- 
lamerup — the last-named locality is near Well- 
stead’s homestead. 

Between these occurrences on the Gairdner 
River are many outcrops of Pre-Cambrian rocks, 
which are also common on the higher ground 
north-east of the river. 

The point just north of the “Boat Harbour” 
at Point Ann is composed mainly of large slabs, 
some of unmetamorphosed breccia, others of 
grit. Some of the boulders in the breccia are 
four feet long; nearly all are of cellular- 
weathering quartzite, which we did not notice 
in the Pre-Cambrian rocks of Point Ann. A 
mudstone seems to underlie these breccias. 
This occurrence is unique in our experience of 
this part of the State and may not belong to 
Plantagenet times. 

Horizontally stratified ferruginous sandstone 
overlies micaceous sandstone four miles up the 
St. Mary River, which enters the sea a little 
north of Point Ann. These are probably of 
Plantagenet age and, if so, were deposited in a 
Miocene inlet bordered by Pre-Cambrian rocks 
which outcrop nearby and farther down the 
river. 

The “estuary” of the Fitzgerald River, like 
nearly all the “estuaries” on the south coast, is 
a fiat, the lowest parts of which are usually 
covered with a thin sheet of water. Much of 
the Fitzgerald estuary is, like the river up- 
stream, bordered by cliffs of horizontally bedded 
sands and clays often 100 feet or more high. 
The cliff (Fig. 3) near the old Ravensthorpe- 
Albany track, about eight miles inland from the 
sea, rises 130 ft. above the wide river flat which 
is an insilted part of the estuary. From the 
base for 45 feet is a talus slope; the next 34 


feet is of a sandy micaceous clay with occa- 
sional yellowish partings and irregular yellow 
patches; the top 50 feet is of less clayey ma- 
terial. No fossils were found throughout the 
section. 



FIG. 3. — Cliff of Plantagenet Beds on south side of 
Fitzgerald River. 


Dempster Inlet opens to the sea about three 
miles north-east of Fitzgerald Inlet. On its 
south side, about two miles from the sea, con- 
glomerate and red sandstone, ovei’lying Pre- 
Cambrian rocks, come down nearly to sea-level. 
These probably belong to the Plantagenet Beds. 

Plantagenet Beds first appear in the upper 
Fitzgerald valley, according to Mr. A. F. Wil- 
son, about seven miles below the crossing of 
the Ravensthorpe-Ongerup road, where a fairly 
thin layer of them rests on the “old rocks”. Ten 
and a half miles farther east on the road, hori- 
zontally bedded clayey grits and clay form a 
bank 15 feet high on the side of a stream. 
They lie on a “granite” floor and may be Plan- 
tagenet Beds. The thickness of the beds in- 
creases steadily downstream on the Fitzgerald, 
reaching more than 300 feet about six miles 
above the “coal” seams on both the Susetta 
and Fitzgerald. In both valleys, but especially 
in the Susetta, the Plantagenets are seen in 
places to rest unconformably on the “old rocks”. 
The basal bed, varying in thickness from a few 
inches to many feet, is moderately coarse fer- 
ruginous sandstone, composed mainly of quartz 
grit cemented with iron oxides. In the Susetta 
it rests on at least 30 feet of highly kaolinized 
granite which seems to indicate that the Plan- 
tagenet Beds in that area were laid down on 
an old land surface. In the Fitzgerald River, 
on the other hand, they lie on a smooth surface 
of unweathered granite with a certain amount 
of, probably re-arranged, decomposed granite 
in its hollows. 
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The Plantagenet Beds in the Fitzgerald basin 
are much banded, the bands varying from a 
fraction of an inch to many feet in thickness. 
Along the Fitzgerald and Susetta there is gen- 
erally a well-defined colour-change about half- 
way up the cliff. 

The chief object of Roe’s expedition in 
1848-9 was to report on the Fitzgerald “coal”, 
which, it was rumoured, had actually been used 
by a French whaler. Roe spent about three 
days in December, 1848, in and near the river 
valley. On December 27th he found “coal” in 
the Elwes branch. The part exposed was “12 
to 15 yards wide and 61 yards long”, but there 
was evidence that it extended farther. “It 
seemed to be horizontal” but the “shales” on the 
right bank of the river dip south-east at 45® 
and “are exactly the same as those on the Phil- 
lips River.” (These “shales” are weathered Pre- 
Cambrian schists: they are often mentioned by 
Roe and A. C. Gregory (1849) — Gregory cor- 
related them with the Permian shales of the 
Irwin River, in which he had discovered coal in 
1846). Roe dug into the “coal”, which was like 
“carbonized wood resembling pine. Elongated 
globules of bitumen from the size of a pea to 
that of a goose egg were found in it.” In jour- 
neying round the Fitzgerald basin, he noted the 
wide development of horizontally bedded sand- 
stones, which in many places formed cliffs 80 to 
90 feet high. 


the foot of which the country was “very rocky” 
(no doubt Pre-Cambrian). 

Blatchford (1930) states that the Plantagenet 
Beds occur extensively in the Fitzgerald River 
valley and form a strip a few miles wide im- 
mediately north of the Barrens. He considers 
that they were originally at least 1,000 feet thick. 
Our route through this strip lay close to the 
“old rocks” of Middle Mount Barren and we 
failed to notice any Plantagenet Beds, except at 
its eastern end, where we collected from a 
richly fossiliferous spongolite. Many years ago 
Blatchford made an extensive collection of simi- 
lar material about one mile north of where the 
Hamersley River crosses the telegraph line 
Here, according to Blatchford (1919), a break- 
away teems with fossils, chiefly sponges, prob- 
ably of Tertiary age. The locality described by 
Blatchford is three miles or more west from 
where we collected the material which has re- 
cently been described by de Laubenfels (1953). 
As supplied by us to Professor de Laubenfels, 
the locality is 20 miles south of Ravensthorpe 
— for future woi'kers in the field we may de- 
scribe it more precisely. The former road from 
Albany to Ravensthorpe keeps as near as is 
practicable to the telegraph line to South Aus- 
tralia (dismantled some years ago). Approach- 
ing the Phillips River, near the foot of the Eyre 
Range, about 4| miles before the line crosses 
the river, and about 7S miles north of the mouth 



FIG. 4. — ^Roe’s Rock, a mesa in Plantagenet Beds, approximately 20 miles upstream from the mouth 

of the Fitzgerald River. (Photo A. F. Wilson) 


He travelled southward from the Fitzgerald 
to the Gairdner River, passing to the inland 
of West Mount Barren, and noted “well-defined 
brown sandstone cliffs 80 or 90 feet high”, at 


of the Hamersley Inlet, the old road turns 
north-east and passes close to the fossiliferous 
spongolite, which forms a steep reddish slope 
(Fig. 5). 
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FIG. 5.— Flat-topped bank of spongolite containing many more or less complete sponge skeletons. 
Taken from near Phillips River on old track from Albany to Ravensthorpe. Eyre Range of 

Pre-Cambrian rocks in background. 


are several exposures of Plantagenet Beds; in 
one, about four miles east of the Munglinup, 
obscure fossils and an echinoderm spine occur 
in mottled green and yellow clay and, two miles 
west of the Young River crossing, lumps of 
spongolite lie on the side of the road. 

Half-a-mile to the north of the road, just 
east of the Lort River, is a very conspicuous 
white patch — a low cliff, probably a clayey 
phase of the Plantagenets, which, judging by the 
level of the spongolite farther back on the road, 
must underlie the spongolite. The road here 
runs for some distance on a thin platform of 
Plantagenet Beds lying on an irregular surface 
of gneiss. 

Roe, on his homeward journey in December, 
1848, travelled near the coast from the site of 
the future Esperance to the Phillips River. On 
December 10th he came to an “open deep river, 
15 yards wide, bordered by steep yellow and red 
cliffs, indicating the proximity of the coal 
formation”. Mi*. L. Glauert tells us that he has 
recently received a fossil nautiloid said to have 
been found “at Dalyup”. 

On December 12th Roe recorded “white, yel- 
low, and red cliffs’* resting on “granite or 
gneiss”, probably near Barker Inlet. He re- 
marked that, above the “deep open reach, more 


On the Phillips River, about three miles 
north-west of this locality is a red bluff of 
coarse sandstone overlying white shales. These 
horizontally bedded rocks overlie contorted 
weathered schists. 

In January, 1924, one of us (E. de C. C.) ac- 
companying the late Mr. H. P. Rockett, In- 
spector of Mines, visited an old quarry, from 
which sawn blocks of spongolite were taken, it 
is said for use in the former copper ore smelters 
at Ravensthorpe. The spongolite in this quarry 
is apparently underlain by sandstone and both 
rocks are horizontally bedded. The quarry is 
about half a mile west of the old road from 
Albany to Ravensthorpe and about 11 miles 
from Ravensthorpe. 

About 60 miles north of Ravensthorpe and 
40 miles south-west of Bremer Range, on No- 
vember 1st, 1848, Roe “travelled for half a mile 
on a low level bed draining to the east”. It 
was “600 yards wide with well-defined, water- 
worn banks”. The “red and white sandstone 
banks” of this channel were 15 feet high and 
the sandstones showed no “dip or inclination 
nor did we see them again as we went north- 
east”. 

On and near the Ravensthorpe-Esperance 
road, between the Munglinup and Young Rivers, 
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than 250 yards across, the level on either side 
of the valley had all the flat-topped appearance 
of the sandstone formation, but granite and 
gneiss was the prevailing rock at the lower 
levels”. Ten miles inland from the mouth of 
Stokes Inlet, he saw fragments of red sandstone 
with many ‘'perfect impressions of bivalve 
shells”, and from here to the Phillips River he 
found many occurrences of the “red sand- 
stones”. 

Spongolite containing a few molluscan fossils 
occurs on the track from Esperance to Cape Le 
Grand, about six miles north of Frenchman 
Peak. In the creek which drains from French- 
man Peak into Esperance Bay a horizontally 
bedded clay overlies more than six feet of un- 
consolidated sand. If these are part of the 
Plantagenets they must underlie the spongolite 
seen at a higher level on the track. 

Roe gives his position on about November 
12th, 1848, as lat. 33° 8' S., long. 121*’ 52' E. He 
must therefore have been in what was later 
known as the Salmon Gums district. Here he 
passed over the “dry beds of several salt lakes 
formed of the white and dark-red sandstone be- 
longing to the coal formation. They were very 
mottled and confusedly mixed and had numer- 
ous veins of vei*y hard ironstone running 
through them, similar in appearance to the 
sandstone which we afterwards saw in close 
connection with coal and shales”. 

Eurvill and Teakle (1938) noted that, in this 
district, “marine sediments, of which a spicular 
sandstone is representative, certainly occur, and 
may be observed in exposures around numerous 
salt lakes. Borings to 15 to 20 feet, in areas of 
the Circle Valley sand, have encountered a simi- 
lar sandstone.” 

Flat boulders of greenish, carbonaceous, fos- 
siliferous shale with chalcedonized patches, oc- 
cur on the sandy beach of the eastern part of 
Duke of Orleans Bay near High Island. Higher 
up, on the track leading down to the bay, 
boulders of spongolite are seen. The shale 
must be in situ to below high-water mark, but 
px*obably only to a shallow depth, for High 
Island and the western part of the bay are of 
Pre-Cambrian rocks. 

Ten miles noi’th-east of Duke of Orleans 
Bay, at the crossing of the Mungliginup Creek 
and 200 feet above sea-level, very fossiliferous 
spongolite is exposed. The country, practically 
level here, is covered by only a thin layer of 
Plantagenet Beds, for the track, after passing 
for about three miles over occasional spongo- 
lite outcrops, lies for eight miles over granitic 
or gneissic rocks after which it crosses sparsely 
fossiliferous spongolite with chalcedonic nodules 
and streaks. 

In the valley of the Thomas River, at the 
deserted homestead Lynbourne, limestone with 
a botryoidal crust of travertine is underlain by 
a greenish-grey clay. These beds apparently 
underlie a fossiliferous bed containing “Pecten”, 
which outcrops 3-2- miles down the valley at 180 
feet above the sea. 


Spongolite outcrops were noted on the plain, 
at 270 feet above the sea, immediately after 
ascending fi’om the Thomas valley east of Lyn- 
bourne, also beside the Israelite Bay track eight 
miles east of the Thomas River. This is 50 
miles or so west of the western edge of the 
Eucla Artesian Basin, which is composed of 
Miocene limestone, practically hox'izontal, and 
lying on a floor of granitic rocks. 

We did not recognize Plantagenet rocks east 
of the last-named occurrence, but Maitland 
(1925. pp. 4 and 5) when describing the country 
“in the vicinity and to the north-west of Israe- 
lite Bay”, referred to the “salt lakes”, along 
•the shores of which are horizontal beds of 
gritty ferruginous sandstone. In other places, 
“quasi-vitreous quai’tzites” occur. These beds, 
which we did not see, he considered to be 
probably remnants of the “Plantagenet (Mio- 
cene) Beds”. 


Conclusion 

Although we have not contributed any new 
general facts about the Plantagenet Beds, we 
may here summarize conclusions, already drawn 
elsewhere, as to conditions in part of the south 
of Western Australia in Miocene times. 

A thin series of horizontal sediments lies on 
the Pre-Cambrian rocks over an area of at 
least 14,000 squai’e miles (or half the area of 
Tasmania) in paii; of south-western Australia. 
Spongolite is nearly everywhere the upper layer 
of this series. Various bryozoan, molluscan, and 
other fossils occur rather sparingly in the 
spongolite, but, notably in the north, near 
Norseman, and in the south, at Quaalup, there 
are shell beds appai*ently of small extent later- 
ally. The biTOZoa and mollusca fix the age of 
these Plantagenet Beds as Miocene. The 
sponges, chiefly those from a place near the 
coast, have recently been examined by Profes- 
sor de Laubenfels, who finds that all identifiable 
foi'ms are lithistids “which would seem to in- 
dicate a depth” of the sea in which they lived 
“of 20 to 200 meters”. He states that today 
sponges are most abundant in estuaries just 
far enough out to sea for complete oceanic salin- 
ity to be established and far enough from the 
land to be free of coai’se detritus, but not of fine 
silt which accumulates round the sponges. He 
therefore concludes that the region was, when 
the fossils were living, just off shore from a 
river — the bigger the river, the farther off 
shore. He discusses Hinde’s (1910) paper on 
the Norseman sponges and concludes that “no 
genera can be regarded as conclusively identified 
in Hinde’s paper, and only a few are even 
probably identified” (de Laubenfels, 1953, 
p. 115). 
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The Plantagenet Beds are everywhere hori- 
zontal, and, although the spongolite is little 
above sea-level near the coast, near Norseman, 
about 100 miles inland, it is nearly 1,000 feet 
higher. It would seem then that, during the 
maximum Miocene submergence, the sea ex- 
tended over the greater part of what is now 
southern Western Australia, and that conditions 


favourable for the lithistids gradually moved 
south with the slow rising of the land (or fall 
of sea-level). Here and there, as the coastline 
moved south, shell beds flourished in the shal- 
lower water. 

This reconstruction of Miocene events has al- 
ready been suggested by Clarke, Teichert, and 
McWhae (1948). 


REFERENCES 


Blatchford. T., 1919. The country between Hopetoun 
and the Fitzgerald River. Annu, Prog. Rep. geol, 
SUTV. W, Aust. 1918: 10-11. 

Blatchford, T., 1922. On the alleged occurrence of 
Mineral Oil at the Fitzgerald River. Annu. Prog. 
Rep. geol. Surv. W. Aust. 1921: 17-18. 

Blatchford. T., 1927. Prospects of Mineral OU at Cheyne 
Beach. Rep. Dep. Min. W. Aust. 1926: 85-91. 

Blatchford. T., 1928. PossiblUties of Mineral Oil in the 
Esperance District. Annu. Prog. Rep. geol. Surv. 
W. Aust. 1927: 7-8. 

Blatchford, T., 1930. Report on bituminous material . . . 
(from) Cheyne Beach. Annu. Prog. Rep. geol. 
Surv. W. Aust. 1929: 8-9. 

Burvill, G. H. & Teakle, L. J. H., 1938. The occurrence 
of solenetz soils In Western Australia. J. Dev. 
Agric. W. Aust. 15; 97-109. 

CampbeU, w. D., 1906. The Geology and Mineral Re- 
sources of the Norseman District. Dundas Gold- 
field. Bull. geol. Surv, W. Aust,, No. 21. 

Chapman, P. & Cresjpin, I.. 1926. Preliminary notes on 
the fauna ana age of the Plantagenet Beds of 
Western Australia. Rep. Aust. Ass. Advanc. Sci. 
17: 319-22. 

Chapman, P. & Crespiu, I., 1934. The palaeontology of 
the Plantagenet Beds of Western Australia. J. roy, 
Soc. W. Aust. 20: 103-36. 

Chapman. P. & Cudmore, F. A.. 1934. The Cainozolc 
Cidarldae of Australia. Mem. nat. Mus., Melb. 
8; 126-149. 

Clarke. E. de C.. 1925. Geology of a portion of East 
Coolgardle & North-East Coolgardle Goldfields . . . 
Bull. geol. Surv. W. Aust., No. 90. 

Clarke, E. de C., 1935 : Report of Committee on The 
Structural and land forms of Australia and New 
Zealand. Rep. Aust. Ass. Adv. Sci., 32, 467. 

Clarke, E. de C.. Teichert, C., & McWhae, J. R. H., 1948. 
Tertiary deposits near Norseman, Western Aus- 
tralia. J. roy. Soc. W. Aust, 32: 85-103. 


de Laubenfels, M. W., 1953. FossU sponges of Western 
Australia. J. roy Soc. W. Aust. 37: 105-117. 

Farquharson, R. A., 1922. Examination of the bore core 
from Fitzgerald River. Annu. Prog. Rep. geol. 
Surv. W. Aust, 1921: 18. 

Gregory, A. C., 1849. Copy of report. In the library of 
the Lands Dept., Perth. 

Gregory, J. W., 1916. Age of Norseman limestone. West- 
ern Australia. Geol. Mag., New Ser. 3; 320-321. 

Helpman, F., 1849. Copy of report. In the library of 
the Lands Dept., Perth. 

Hinde, G. J., 1910. On the fossil sponge spicules . . . 
from Norseman District, Western Australia. Bull, 
geol. Surv. W. Aust.i No. 36. 

Jutson, J. T., 1934. The Physiography (Geomorphology) 
of Western Australia. Second Edition. Bull, 
geol. Surv. W. Aust., No. 95: 199-200. 

Jutson, J. T. & Simpson, E. S., 1917. Notes on the 
geol<^y and physiography of Albany. J. roy. Soc. 
W. Aust. Z: 45-58. 

Maitland, A. Gibb, 1922. Note on the petroleum pros- 
pects in the Fitzgerald River. Annu. Prog. Rep. 
geol. Surv. W. Aust. 1921: 13-14. 

Maitland, A. Gibb, 1925. Notes on the country in the 
vicinity and to the north of Israelite Bay. Annu. 
Prog. Rep. geol. Surv. W. Aust. 1924: 4-9. 

Roe, J. S., 1849. Journal of an expedition between 
Sept., 1848. and Feb., 1849. Typed copy in lib- 
rary of Lands Dept., Perth. 

Simpson, E. S., 1922. Report on samples collected by 
Mr. R. O. Wilson. Annu. Prog. Rep. geol. Surv. 
W. Aust. 1921: 16-17. 

Teichert, C„ 1944. The genus Aturia in the Tertiary 
of Australia. J. Paleont. 18; 73-82. 

Wade A. Report on Petroleum prospects in parts of 
Western Victoria, South Australia and Western 
Australia. H. J. Green, Govt. Printer, Melbourne 
(Date unknown). 

Wilson. R. C., 1922. The Fitzgerald River oil district. 
Annu. Prog. Rep. geol. Surv. W. Aust. 1921: 14-16. 


26 



27 


PLATE I. — Map Of part of Southern Western Australia 
showing the localities in which Plantagenet Beds are 


4. — A List of Lichens of Western Australia 

By P. Bibby* and G. G. Smithf 


Manuscript accepted — 24th May, 1954 


Between 1929 and 1952 a collection of Western 
Australian lichens was built up in the Botany 
Department of the University of Western Aus- 
tralia. The collection was made and determined 
by members of the staff and senior students. It 
was prepared and sorted by the second author 
and submitted to the first author who is re- 
sponsible for the checking and completion of 
the identifications. 

Specimens of the species listed below are 
housed in the herbarium of the Botany Depart- 
ment of the University of Western Australia. A 
duplicate set has been presented to the National 
Herbarium of Victoria. 

The list is not to be regarded as a compre- 
hensive one for the whole of the State but it 
does include the more common and conspicuous 
foliose and fruticose forms of the south-western 
province. 

The classification used is that of Fink (1935). 
Class Ascolichenes 
Subclass Gymnocarpeae 
Order Hysteriales 
Family Graphidaceae 

GRAPHIS Adans. 

G. scripta (L.) Ach., Akad. Nya. Handl. 145 (1809). 
Habitat: On bark. Karri forest, Pemberton. 

Order Lecanorales 

Family Thelotremaceae 
THELOTREMA Ach. 

T. lepadinum Ach., Lich. Universalis 312 (1810). 

Habitat: On bark, Karri forest, Pemberton. 

Diploschistaceae 
DIPLOSCHISTES iVorm, 

D. scruposus (Schreh.) Norm., Conatus 20 (1852). 

Habitat: On laterlte, Narrogin. 

Lecideaceae 

LECIDEA Ach. 

L. planata Milll.-Arg., Flora 70; 61 (1887). 

Habitat: On clay, Boddington; on desert soil, 
Forrest; on anthill, Bullsbrook. 

L. decipiens (Ehrh.) Ach., Meth. Lich. 80 (1803). 

Habitat: On laterite, Narrogin. 


Cladoniaceae 

THYSANOTHECIUM Berk & Mont. 

T. Hookeri Berk & Mont., Hook. Journ. Bot. 5: 257 
(1846). Habitat: On termite nest, on laterite, 
Narrogin. 

CLADONIA mu 

C. aggregata (Sw.) Eschw., Mart. PI. Brazil. 1: 278 
(1833). Habitat: On humus amongst granite, 
Narrogin and Darlington. 

C. verticillata Hoffm., Deutsch. FI. 2; 122 (1796). 

Habitat: On charred wood, Werribee; in moss beds, 
Kenwick. 

C. retipora (Lahill.) Fries., Nov. Sched. Crit. 21 (1826). 
Habitat: In clefts of granite outcrops, Jarrah- 
dale. 

C. furcata (Huds.) Schrad. var. Habitat: In moss beds, 
Porongorups. 

C. follacea (Huds.) Schaer., Lich. Helv. Spic. 294 (1833). 
Habitat: In moss beds, Darlington. 

C. cariosa (Ach.) Svreng., Syst. Veg. 4; 272 (1827). 
Habitat: Common on charred wood, Porongorups 
and Werribee. 

C. fragilissima Krempelh, in Herb. Melb. 

Habitat. On laterite, Narrogin. 


Acarosporaceae 
ACAROSPORA Massal. 

A. sp. Habitat: On clay soil, Forrest. 


Stictaceae 

STICTA Schreh. 

S. crotata (L.) Ach., Meth. Lich. 277 (1803). 

Habitat: On fallen tree trunks, Pemberton. 


Peltigeraceae 

PELTIGERA WiUd. 

P. polydactyla (Neck.) Ho-ffm., Descript. & Adumbr. PL 
Lich. 1: 19 (1790). 

Habitat: On leaf litter and humus. Karri forest, 
Pemberton. 


Lecanoraceae 

LECANORA Ach. 

L. caesio-rubella Ach., Lich. Universalis 366 (1810). 
Habitat: On bark of Eucalyptus calophylla, Nar- 
rogin. 


♦National Herbarium of Victoria 
tBotany Department, University of Western Australia 
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CANDELARIELLA Miill.-Arg. 

C. vitellina (Ehrh.) Mull.^Arg., Bull. Herb. Bolss. 2: 
app. 47 (1894). 

Habitat: On bark and wood of Acacia acuminata, 
Narrogin. 

LECANIA Zahlhr. 

L. punlcea (Ach.) Mull.-Arg., Flora 37: 294 (1879). 
Habitat: On Acacia acuminata, Boddington. 


Parmeliaceae 

PARMELIA Ach. 

P, amphlxantha, Miill.~Arg„ Flora 71: 39 (1888). 

Locality unknown. 

P. perlata (L.) Ach., Meth. Lich. 216 (1803). 

Habitat: On oak trees, Boyanup; on charred wood, 
Pemberton. 

P. physodes var. pulverata Milll.-Arg., Flora 66: 75 
(1883). 

Habitat: On paper-bark trees, Nornalup; tree 
branches, Karri forest, Pemberton. 

P. conspersa Ach., Meth. Llch 205 (1803). Habitat: En- 
crusting granite outcrops, Boddington. 

P. pertusa (Schrank) Sohaer., Llch. Helv. Splc. 10: 
457 (1839). Habitat: On Acacia acuminata, Bod- 
dington. 

P. rutidota. Hook. f. & Tayl., Lond. Journ. Bot. 3: 645 
(1844). Habitat: On bark of Acacia acuminata, 
Boddington. 

P. imitatrix, Tayl., Lond. Joum. Bot. 6: 161 (1847). 

Habitat: On gabbro, Narrogin. 

P. hypoxantha, Miill.^Arg., Flora 39: 85 (1881), 

Habitat: On ground in tree belt, Forrest. 


Usneaceae 

RAMALINA Ach. 

R. calicaris (L) Rohling, Deutschl. FI. 3: 139 (1813). 
Habitat: On bark of Acacia acuminata, Toodyay. 


USNEA Dill. 

U. barbata (L.) Wigg, var. xanthopoga Mull.-Arg., 
Flora 72: 143 (1889). 

Habitat: On Acacia acuminata, Boddington. 

U. barbata (L.) Wigg, Prim. FI. Hols. 91 (1780). 
Habitat: On branches of trees. Pemberton. 

U. barbata (L.) Wigg, vaT. scabrlda Mull.-Arg., Lich. 
Nov.— Granat. No. 20 (1879). 

Habitat: On bark of Acacia spp., Narrogin and 
Boddington. 

SIPHULA Ft. 

S. caesia Miill.-Arg., Hedw. 31: 191 (1892). 

Habitat: In moss beds and granite soil, Jarrahdale. 


Caloplacaceae 

CALOPLACA Th. Fr. 

C. aurantiaca (Lightf.) Fries., Nov. Act. Reg. Soc. Sc. 
Ups. 3: 219 (1861). 

Habitat: Fence posts and tree bark, Narrogin. 


Teloschistaceae 

XANTHORIA Th. Fr. 

X. parietina (L.) Norm., Conatus 17 (1852). 

Habitat: On dead wood of Olearia axillaris, Garden 
Island. 

TELOSCHISTES Norm. 

T. chrysophthalmuB (L) Beltr., Lich. Bass. 109 (1858). 
Habitat: On bark, Forrest; on bark, Pinjarra. 


Buelliaceae 

BUELLIA De Not. 

B. subalbula Miill.-Arg., Lich. Aegypt. 49 (1884). 

Habitat: Encrusting stones. Forrest. 


Reference 

Fink, B.: (1935) “Lichen Flora of the United States’* 
(Univ. of Michigan). 
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INSTRUCTIONS TO AUTHORS 


Papers may be submitted to the Society in accordance with Rules and 
Regulations 38 to 41 inclusive (see below). They should be addressed to The 
Honorary Secretary, Royal Society of Western Australia, Gledden Building, 
Perth. 

Authors are solely responsible for the factual accuracy and for any opinion 
expressed in their papers. They are particularly requested to verify references. 

In the preparation of MSS. authors are required to follow the C.S.I.R.O., 
Guide to Authors (C.S.I.R.O., Melbourne, 1953) except that papers longer than 
10,000 words (30 foolscap pages of pica type, with 6 inch lines 40 to the page) 
will not normally be accepted. 

Authors are required to meet half the cost of preparation of the blocks 
required to reproduce all diagrams and illustrations. 

Authors shall receive a total of 30 reprints free of charge. Further 
reprints may be ordered at cost, provided that such orders are submitted 
with the MS. 


RULES AND REGULATIONS 

38. Every paper intended to be read before the Society or to be published 
in the Society's Journal must be sent to the Secretaries at least seven days 
before the date of the next ensuing Council meeting, to be laid before the 
Council. It will be the duty of the Council to decide whether such contribution 
shall be accepted, and if so, whether it shall be read in full, in abstract, or 
taken as read. All papers accepted for publication must be read or other- 
wise communicated at an ordinary meeting prior to publication. 

39. A Publications Committee, appointed by the Council, shall recommend 
to the Council whether a paper presented to the Society shall be published in 
the Society's Journal. The Publications Committee may obtain an opinion from 
any person it may select on the suitability of any paper for publication. 

40. Publication in the Society’s Journal shall only be available to (a) 
Ordinary Members, (h) Honorary Members, (c) Non-members resident outside 
Western Australia, who must communicate the paper through an Ordinary or 
Honorary Member. No paper shall be accepted from a Non-member resident 
in Western Australia. 

41. The original copy of every paper accepted for publication by the 
Society, with its illustrations, shall become the property of the Society, unless 
stipulation is made to the contrary, and authors shall not be at liberty to 
publish their communicated papers elsewhere prior to their appearance in the 
publications of the Society unless permission for so doing is given by the 
Society, or unless the Society fails to publish the paper in the Journal of the 
year in which it is read or otherwise communicated, or of the succeeding year. 
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